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TO  T  FI  E 


KING. 


S  I  R, 


OUR  Majesty’s  approbation  of  my 


X  former  endeavours  for  improvement 
in  the  art  which  I  profefs,  induced  me  to 
compofe  thefe  Eflays  ;  and  as  Y our  bounty 
has  afforded  me  the  leilure  to  purfue  my 
refearches,  nothing  could  give  me  greater 
happinefs,  than  the  permiffion  of  thus 
laying  them  at  Your  Majesty’s  feet. 

;  _ 

It  is  almoft  the  peculiar  glory  of  Your 
Majesty’s  reign,  that  the  peace  which 


A  z 


the 


the  iucceis  of  Your  Majesty’s  anus  pre- 
(bribed  to  Europe,  and  the  wilcfom  of 


people,  is 

Your  Majesty’s  munifi¬ 
cent  Patronage  of  all  the  Arts,  ufeful 

as  ornamental.  The  fubject  of  the 

\ 

pages  partakes  of  both  :  and 
their  author  humbly  hopes  that  they  tend 


as  we. 


only  return  which 
Your  Majesty  requires,  and  the  only  re¬ 
tribution  he  can  make  for  Your  Royal 
bounty. 


He  begs  leave  to  allure  Your  Majesty 
that  he  (hall  ever  be  impreffed  with 
deepeft  fenfe  of  Your  Majesty’s  exalted 
virtues,  as  well  as  with  the  deepeft  grati¬ 
tude  for  the  favours  Your  Majesty  has 

pleafed  to  extend  to 
him,  and  that  they  (hall  be  employed  in  his 
hourly  endeavours  to  deferve  them. 

A  .  -  -  With 


DEDICATION. 


With  the  moft  profound  veneration, 
he  prefumes  to  fubfcribe  himfelf, 


May  it  pleafe  Your  Maje$ty3 


Your  Majesty’s  Moft  Faithful, 


Dutiful,  and  Devoted 


Subject  and  Servant, 


LONDON, 
Feb,  26th,  1766, 


Alexander  Gumming. 


T  O 


THE 


TH  E  very  favourable  opinion  whieh  the  Author  of  the 
following  Elfays  entertains,  and  (notwithftanding  all 
malicious  reports  to  the  contrary)  always  has  entertained,  of 
the  great  natural  abilities  of  Mr.  John  Harrison,  induced 
him  to  delay  this  publication,  till  Mr.  Harrison  had  received 
the  reward  of  his  long  and  unwearied  application,  by  difcovering 
the  refult  of  his  labours.  That  difcovery  being  now  made,  the 
public  from  thence  will  judge  of  the  merits  of  his  improvements ; 
and  poffibly  from  a  comparifon  between  them  and  the  following 
Theory,  the  Reader  may  be  enabled  to  decide,  how  far  the  ca¬ 
lumny,  fo  groundlefsly  conceived,  and  fo  artfully  propagated 
againft  me,  was  well  founded.  Should  any  further  vindication 
be  ncceffary,  I  am  ready,  if  called  on  by  my  accufers,  publicly 
to  declare  the  reafons  for  fuch  part  of  my  former  conduit, 
as  has  fo  much  difpleafed  them,  and  obviate  any  objections  to 
the  following  performance,  if  fairly  and  candidly  urged  :  but  no 
regard  will  be  paid  to  any  anonymous  opponent,  in  a  contra- 
verfy  that  has  truth  alone  for  its  objeft. 
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ERRATA. 

JParag.  Line. 

i.  4.  for  conftrued,  read  conftru&ed 
after  are,  infert  in  theory 

for  only  is  the  motive  force,  read  alone  is  the  moving  powef 
for  motive  force,  read  moving  power 
after  fixed  point,  infert  within  the  ball 
for  that  will  corroborate,  read  to  corroborate 
for  planes,  read  plane 

Fhe  laft  part  of  the  firfi  note  of  this  paragraph  is  wrong  exprejfed ;  hut.  as 
the  frjt part  comprehends  the  whole  meaning ,  the  Reader  may  draw  his 
pen  through  that  part  which  follow  s,  i»  e» 
for  being,  read  been 
for  PI.  7.  read  PI.  3. 
for  pilots,  read  points 
for  upwards,  read  downward 
for  downward,  read  upwards 
for  rod,  read  rods 

Page  98.  line  5.  from  the  bottom  ;  for  dilation,  read  dilatation 
for  eafily,  read  eafie 
for  therefore,  read  but 
for  vibration,  read  vibrations 

for  is  as  its  thicknefs,  read  increafes  with  its  thicknefs 
for  in  the  proportion,  read  in  proportion 
after  the  word  expeft,  infert  that 
In  the  firfl  line  of  the  note,  for  pi.  16.  read  pi.  15. 

From  the  beginning  \  mad  If  the  train  be  continued  the  fame,  the 
number  of  leaves  in  the  third-wheel  pinion  may  be  increafed,  in. 
the  fame  proportion  as  the  number  of  teeth  in  the  horizontal, 
wheel,  &c. 

for  any  how  lefiened,  read  fenfibly  leffened 
In  the  conclufion,  page  192.  line  5.  for  practical  theory,  read  a  pra&ical  theory. 
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Whereas  fome  perfons  feem  either  to  mifunderftarid  the  author’s 
meaning,  or  are  difpofed  to  difpute  about  words  ;  it  is  proper  here  to 

•  mention,  that 

By  Momentum,  is  meant,  the  effective  power ,  or  force  which  a  body 
exerts  before  its  whole  motion  is  deftroyed  ; 

By  Moving  Power,  that  force  which  caufes  motion,  whether  it 
takes  effedl  in  whole  or  in  part; 

And  by  the  Force  impressed  is  meant,  fuch  part  of  the  moving 
power  as  really  takes  effedh 

Thus  if  a  wheel  be  moved  by  a  flream  of  water,  the  whole  ftream  is 
the  moving  power :  but  the  force  which  it  imprejfes  depends  as  much 
on  the  velocity  of  the  wheel,  as  on  the  velocity  or  force  of  the  flream; 
lor  if  the  wheel  moves  with  a  velocity  equal  to  that  of  the  flream,  the 
latter  can  imprefs  no  force  on  the  former,  nor  add  to  its  velocity. 

By  Motive  Force,  is  meant,  the  quantity  of  motion  generated  by 
the  imprejfed  force. 

And  in  this  fenfe  the  author  apprehends  thefe  words  have  always 

been  nnderflood. 


A  N 


ESSAY 

TOWARDS  T  HE 

Improvement  of  Clock-work. 


GENERAL  PLAN. 


1 .  T  T  is  univerfally  allowed ,  that  the  mojl 
•*■  ordinary  Clock  with  a  royal  Pendu¬ 
lum ,  meafures  Time  better  than  any  Watch , 
conjlrued  in  the  manner  hitherto  praSlifed.  And, 

2 .  That  W atches  are ,  in  general ’,  as  well  ex¬ 
ecuted  as  Clocks.  From  which  it  is  evident, 

3.  That  Clocks  derive  their  fuperiority  from 
principle  :  and  that  a  due  attention  to  their  na¬ 
tural  properties.,  may  at  leaf ,  be  the  means  of 
improving  W atch-work. 

B  4.  The 


Clocks  go  better 
than  Watches. 


Watches  as  well 
executed  as 
Clocks. 


Clocks  derive  (heir 
fuperiority  from 
principle. 


2 


Clock-work  into 
two  general  Heads. 


Firft. 


Second. 


Classes. 

In  ordinary  Clocks 
particular  regard  , 
to  expence  and 
fimplicity. 

In  the  more  accu¬ 
rate,  no  expence 
fhould  be  (pared. 


Fir  ft  enquiry. 


Second. 


Pendulum  only 
has  a  natural  ten¬ 
dency  to  meafure 
the  Time. 


Its  natural  Proper¬ 
ties  in  a  detached 
ftate. 


IMPROVEMENT  OF 

4.  The  Theory  of  Clock-work  naturally  di¬ 
vides  itfelf  into  the  two  following  general 
Heads,  viz. 

5.  What  pendulous  Vibrations  have  their  Ifo- 
chronifm  leajl  influenced  by  equal  caufes  f  And, 

6.  What  conjlruSlion  of  a  Clock  will  leafl  alter 
the  lfochronifm  of  the  fame  Pendulum  f 

7.  All  Clocks  may  be  reduced  to  two  Gaffes ; 
namely,  ordinary  and  accurate. 

8.  In  ordinary  Clocks,  fuch  as  are  generally 
ufed  for  domeflic  purpofes,  particular  regard 
fhould  be  had  to  their  fimplicity  and  expence. 

9.  In  Clocks  that  are  intended  for  aftrono- 
mical  and  other  very  accurate  Obfervations,  no 
expences  fhould  be  fpared,  while  the  perform¬ 
ance  can  be  further  improved.  I  flail  therefore 
enquire , 

10.  In  the  firft  place,  How  far  the  perform¬ 
ance  of  Clocks  may  be  improved ,  without  much  in- 
creafng  their  expence. 

1 1 .  And  in  the  fecond ,  What  is  the  utmofl 
degree  of  perfeSlion ,  of  which  they  feem  fuf- 
ceptible. 

12.  Since  a  Pendulum  is  the  only  part  of  a 
Clock  that  has  a  natural  tendency  to  meafure 
'Pime,  I  fhall  here  mention  its  known  proper¬ 
ties  in  its  fimple  fate ,  detached  from  Clocks, 
and  defcribing  circular  Arc’s. 

13.  Firft,  A  Pendulum  once  put  in  motion , 
would  ever  continue  to  vibrate  equal  Arc  s,  if  no 
external  caufe  did  tend  to  defray  its  motion.  And, 

2  14.  Se- 


•3 


CLOG  K-W  0  R  K. 

14.  Second,  All  thofe  equal  Vibrations  would  Of  pendulous 

he  performed  in  equal  times.  Vibrations.  ^ 

15.  Third,  Phe  momentum  of  Pendulums  it 
as  the  verfed  fine  of  their  angle  of  Vibration  into 
their  quantity  of  matter. 

16.  Fourth,  Pendulums  of  equal  lengthy 
though  unequal  •weight ,  will  (caeteris  paribus) 
perform  their  Vibrations  in  equal  times. 

1 7.  Fifth,  All  Pendulums  alter  their  time  of 
Vibration  in  different  latitudes.  And  their 
times  of  af cent  and  def cent  are  equally  influenced. 

18.  Sixth,  A  Pendulum  cannot  reft  but  when 
its  centre  of  gravity  is  direSlly  below  its  point  of 
fufpenfion. 

19.  Seventh,  'The  floor  ter  Vibrations  in  cir¬ 
cular  Arc  s  are  performed  in  lefs  time  than  the 
longer  *. 

20.  The  foregoing  properties  are  chiefly  Demonftrated 
demonftrated  by  Mr.  Hugens  in  his  Horolo-  chiefly  by  Mr. 

/  riugens. 

gium  Oscillatorium,  and  tranflated  into  Eng- 
lifli  in  Keil’s  Introduction  to  Natural  Philo- 
fophy,  and  a  ftrict  attention  to  them  feems 
abfolutely  neceflary  to  the  improvement  of 
Clock-work. 

2  it  If  a  pendulous  body  be  made  to  vibrate  Motion  wt. 
in  a  refitting  medium,  (as  air,)  each  Vibration 


*  Mr.  Hugens  has  demonftrated,  that  29  femicircular  Vi¬ 
brations  take  as  much  time  as  34  of  the  fhorteft  Vibrations 
of  the  fame  Pendulum,  independent  of  the  influence  of  the 
Air. 


IMPROVEMENT  OF 


Of  PENDULOUS 
Vibrations. 


How  they  may  be 
rendered  ifochro- 
nal. 


Enquiry. 


Whether  long  or 
fhort  ones  are  mofl: 
influenced, 


Princ.Math.  Prop. 
28,  CoroJI.  2. 


will,  by  means  of  fuch  refiftance,  become 
fhorter  than  the  preceding  one,  till  at  laft  the 
Pendulum  comes  to  reft  ;  hence  (1 9)  thofe  Vi¬ 
brations  will  not  be  performed  in  equal  times. 

22.  But  if  the  reftftances  of  the  medium, 
&  c.  were  uniformly  the  fame ,  and  a  power  could 
be  applied  that  would  communicate  to  the  Pen¬ 
dulum  at  each  Vibration  as  much  motion  as 
thofe  reftftances  deftroy ;  then  would  all  the  Vi¬ 
brations  be  of  equal  length ,  and  performed  in 
equal  times. 

23.  But  as  neither  the  reftftances  that  tend 
to  deftroy  the  motion,  or  the  power  that  main¬ 
tains  the  Vibrations  of  Clock- Pendulums,  are 
perfectly  uniform  ;  I  proceed  to  enquire 

24.  Whether  long  or  fhort  Vibrations  have 
their  Ifochronifm  leaf  influenced  by  thofe  irre¬ 
gularities. 

25.  Sir  Isaac  Newton  has  demonftrated  ; 
<£  That  a  Funipendulous  Body  “  vibrating  in  a 
“  refilling  medium,  would  have  its  Ihort  Vi- 
(e  brations  more  ilbchronal  than  its  longer 
That  is,  in  other  words  ;  that  the  longer  Vibra¬ 
tions  being  more  refilled  than  the  Ihorter  ones, 
do  fooner  alter  their  lengths,  and  confequently 
{ 1 9)  their  times  of  Vibrations.  But 

26.  Let  a  power  be  any  how  applied  that 
will  communicate  as  much  motion  '"to  the  Pen¬ 
dulum  as  the  reftftances  of  the  medium,  &c. 


PLATE  I. 
Fig.  i. 


CLOCK-WORK.  5 

do  deftrov ;  then  will  the  Vibrations  continue  9f  P£NDUL0US 

.  t  .  ,  •  VIBRATIONS. 

equal  and  ilochronal.  - v - > 

27.  Thus,  we  are  not  to  confider  the  total  re-  Total  refinance 
jtjlances  of  the  air,  friEHon,  &c.  fince  a  power  ^^fnottobe 
can  be  eafily  applied  that  will  ballance  them,  fo 
long  as  they  continue  uniform.  And  this  -power , 
from  whatever  caufe ;  I  call  the  maintaining 
power. 

2  8.  But  we  are  to  enquire,  what  influence  any 
Change ,  in  the  refiftance,  or  in  the  maintaining 
power,  would  have  on  Pendulums  of  equal 
weight,  but  defcribing  unequal  Arc’s. 

29.  Let  any  power  be  applied  to  the  pendu¬ 
lous  body  B,  capable  of  moving  it  from  its  place 
of  reft,  to  M  or  G ;  join  M  G,  and  draw  O  N 
parallel  to  the  line  M  G,  and  let  M  O,  the  Comnarative 
perpendicular  height  to  which  it  is  raifed,  be  vantage  of  long 
divided  into  any  number  of  equal  parts,  fuppofe  and  ArcSi 
five  ;  through  the  extremity  of  each  part,  draw 
a  ftraight  line  parallel  to  M  G,  till  they  meet 
the  Arc  in  the  points  L,  K,  I,  H,  and  if  the 
power  that  raifes  the  body  B  to  M,  be  alfc  di¬ 
vided  into  five  equal  parts,  one  of  thofe  parts 
-  will  raiie  B  to  PI ;  two  parts  will  raife  it  to  I ; 
three  parts  will  move  it  to  K ;  four  parts 
to  L,  &c. 

30.  Here  it  is  to  be  obferved,  that  though  Equal  powers  give 
the  power  be  applied  by  equal  portions,  the 
{paces  defcribed  are  unequal  j  but  agree  in  per-  height. 
pendicular  height  with  the  power  applied. 

3 1 .  Let 


2G— 


IMPROVEMENT  OF 


Of  PENDULOUS 

Vibrations. 


PLATE  I. 
F  I  G.  i. 

Conflrucfion  of 
the  Figure. 


Increafe  in  height 
as  the  power,  and 
decreafe  as  the  re- 
fiftance. 


Xlluftration* 


Experiment. 


3 1 .  Let  the  Arc  B  G,  be  divided  into  five 
equal  parts  by  the  points  C,  D,  E  and  F, 
through  which  points  draw  ftraight  lines  parallel 
to  M  G,  till  they  meet  A  B  and  G  N- ;  then  will 
the  line  G  N  reprefent  the  power  neceflary  to 
raife  the  body  B,  to  the  point  G  ;  and  its  parts', 
the  powers  neceflary  to  raife  it,  to  their  corre- 
fponding  points  in  the  Arc  *. 

32.  Now  fince  the  increafe  of  perpendicular 
height  is  as  the  increafe  of  power  applied  (30), 
it  follows  that  the  decreafe  in  perpendicular 
height,  will  be  as  the  increafe  of  refiftance  ;  or 
as  the  diminution  of  power  :  ‘Therefore, 

3  3 .  Let  there  be  any  number  of  Clocks,  fiup- 
pofe  five,  whole  Pendulums  are  exaBlly  equal, 
but  whofe  angles  of  Vibration  are  to  each  other, 
as  1,  2,  3,  4  and  5  ;  or  let  the  bodies  C,  D,  E, 
F  and  G,  reprefent  their  relative  Pendulums  at 
the  extremity  of  their  Vibrations. 

34.  If  thofe  five  Clocks  be  expofed  to  the 
fame  degree  of  cold,  their  oil  will  be  equally 
influenced,  and  by  that  means,  their  maintaining 
powers  equally  diminijhed :  And  confequently, 
there  will  happen  an  equal  diminution  in  the 


*  It  is  evident,  G  N  is  divided  into  a  fcale  of  verfed  fines  ; 
therefore  if  gravity  alone  oppofed  the  afcent  of  the  Pendu¬ 
lum,  the  powers  neceflary  to  raife  it  to  any  of  the  pofitions, 
C,  D,  E,  F,  G,  would  be  as  the  relative  verfed  Sine  of  thofe 
Arc’s  *  as  would  alfo  the  momentum  of  the  Pendulum  in  def- 
cending  from  any  of  thofe  points. 


perpen- 


CLOCK-WORK.'  7 

perpendicular  height  of  the  Vibrations  of  each  y(irp^^f°svs 

Pendulum  (32).  ' - « - ■* 

3  5 .  Let  thofe  Clocks  continue  expofed  to  the 
cold,  till  fome  one  of  them  is  deprived  of  all  its 
motion ;  it  is  required,  Which  Pendulum  will 
firft  come  to  reft  ?  and  in  what  degree  the  others 
are  influenced  f 

36.  Since  all  the  Pendulums  are  equal  (33),  Shorteft  Vibration 
it  is  obvious  that  the  one  which  defcribed  the  C°meS  t0 
fhorteft  Arc,  will  fooneft  come  to  reft  (15). 

3  7 .  But  the  Pendulum  C  has  ( 3  6)  loft  all  its 
motion,  and  confequently  its  perpendicular  af- 
cent :  Therefore,  (32,  34,)  deduce  from  the 
height  of  the  other  Pendulums  D,  E,  F  and  G, 
each,  a  fpace  equal  to  the  greateft  height  of 
C  ;  as  reprefented  on  the  fcale  G  N ;  through 
thofe  points,  draw  lines  parallel  to  G  M  till  they 
meet  the  Arc  B  G,  on  which,  they  will  fhow  the 
diminution  in  the  length  of  Vibration  in  each, 

Pendulum ;  as  reprefented  in  the  figure,  by 
dotted  lines.  Or 

38..  Deduce  the  verfed  fine  of  the  angle  de¬ 
fcribed  by  the  Pendulum  C,  from  each  of  the 
verfed  fines  of  the  angles  defcribed  by  the  Pen¬ 
dulums  D,  E,  F,  and  G,  at  beginning  of  all 
their  Vibrations  ;  and  the  remainders  will  be  the 
verled  Sines  of  each  refpebfive  Vibration,  when 
the  Pendulum  C  has  loft  all  its  motion. 

39.  From  which  it  plainly  appears,  That  in 
Clock  Pendulums ,  equal  caufes  do  mofll  alter  the 
lengths  of  the -fho^tefl  Vibrations.  40.  It 
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40.  It  is  further  to  be  obferved,  that  although 
the  fame  caufes  did  fhorten  the  Arcs  of  Vibra¬ 
tion  of  all  thofe  Pendulums  equally ,  the  effedt  it 
would  have  on  their  times,  would  be,  as  the 
change  produced  in  each  Vibration,  to  the 
whole  length  of  Vibration  (14). 

41.  But  equal  caufes  produce  lefs  alteration 
in  the  length  of  long  Vibrations,  than  it  does 
in  fhort  ones  (39).  Therefore  (40),  the  compa¬ 
rative  advantages  of  different  Vibrations  in  Clock 
Pendulums  are  (cast,  par.)  in  the  duplicate  pro¬ 
portion  of  their  relative  length.  Which  may 
otherwife  be  illuftrated  ;  thus, 

42.  Let  any  body  E,  vibrate  in  the  circular 
Arc  A  C  E,  I  fay  that  the  advantages  of  its 
longer  Vibrations  are  to  that  of  its  fhorter  ones, 
in  the  duplicate  proportion  of  the  length  of 
thofe  Arc’s. 

43.  For,  join  A  E,  and  from  G,  the  loweft 
point  of  the  Arc,  draw  a  line  perpendicular  to 
A  E  ;  which  perpendicular  divide  into  four 
equal  parts,  and  through  their  extremities  draw 
ftraight  lines  parallel  to  A  E,  till  they  are  ter¬ 
minated  by  the  Arc ;  join  E  C,  and  parallel  to 
it,  draw  a  line  touching  the  Arc  in  D ;  then 
E  D  will  be  equal  to  D  C,  and  confequently 
E  C  will  be  double  of  D  C.  Now 

44.  Let  two  equal  bodies  E  and  D  defcribe 
the  Arc’s  EC,  and  D  C ;  it  is  evident  (32), 
that  four  times  as  much  refinance  will  be  re- 
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quired  to  bring  E  to  reft,  as  will  deftroy  the  Of  PENDULOUS 
motion  of  D  ;  in  the  fame  manner  is  proved,  X1ERATI0NS' 
that  four  times  as  much  reftftance  is  neceflary 
to  deftroy  the  motion  from  D  to  C,  as  from 
h  to  C. 

45.  What  is  above  faid  of  whole  Arc’s,  IS  Equally  true  of 

equally  true  of  their  proportional  parts;  for,  p^tsaTth" wklic. 
if  the  whole  reftftance,  neceflary  to  deftroy  the 
motion  of  any  body,  defcribing  a  circular  Arc, 
be  divided  into  ftxteen  equal  parts,  it  will  re¬ 
quire  twelve  of  thofe  parts  to  reduce  the  Vibra¬ 
tion  to  half  the  length ;  three  more  parts  will 
reduce  it  to  a  fourth  of  the  whole  length ;  and 
if  the  remaining  Sixteenth  of  the  momentum  be 
again  divided  as  above,  the  fame  proportion  will 
hold,  till  the  Arc  entirely  vanifhes. 

46.  Therefore  (by  the  1 2th  Prop.  Book  Fifth  The  refinances 
Euc.)  the  reftftance  neceflary  to  produce  pro-  porL^daiterf-0' 
portional  effects  in  the  Ifochronilm  of  Vibrations 

of  different  lengths  (41),  will  be  to  each  other  whole  motion. 
c  p,  as  the  reftftance  that  deftroys  their  whole 
motion,  i.  e.  (32)  as  their  relative  verfed  fines 
And  therefore , 

47.  In  Clocks,  the  advantages  of  Ion?  Vibra-  Condufion  in  fa- 

.  '  .  r  n  •  1  1  “ t  ^  * .  c  7  vourof  longVi- 

tions,  are  univerj ally  in  the  duplicate  ratio  oj  the .  brations. 

Arc  s  defcribed.  ... 

48.  But  left  it  fhould  be  objected,  that  the  . 
power  neceflary  to  maintain  Vibrations  of  dif¬ 
ferent  lengths,  will  be  in  the  duplicate  ratio  of 
their  refpeftive  Arc’s ;  and  that  the  fri&ion  on . 

C  the 
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Of  pendulous 
Vibrations. 


Farther  con&dera- 
tion. 


What  has  been 
>aid  of  refinance 
is  applicable  to 
the  maintaining 

pewer. 


the  movement  will  increafe  as  the  power  ;  and 
confequently,  that  the  power  neceffary  to  main¬ 
tain  the  motion  in  Clocks,  will  bear  a  greater 
proportion  to  the  momentum  of  the  Pendulum, 
in  long  Vibrations  than  in  fhort  ones ;  it  is  ne~ 
cejjary  to  cbferve  that , 

49.  Though  the  whole  fr  iff  ion  increafes  as 
the  weight,  or  power  applied  to  a  Clock,  it  does 
not  follow,  that  the  changes,  or  accidental 
variations  in  it  obferve  the  fame  law  (27). 

50.  The  natural fridtion *  continues  uniformly 
the  fame  while  the  preffure  on  the  rubbing  fur- 
faces  is  uniform ;  and  if  any  certain  quantity  of 
the  maintaining  power  be  conflantly  deftroyed 
by  fridtion,  it  can  no  way  afledt  the  Ifochronifm 
of  the  Pendulum  ;  for  what  could  be  more  ab- 
furd  than  allowing  for  the  influence  of  any 
power,  where  it  never  reaches. 

51.  Since  any  increafe  in  the  maintaining 
nower,  will  have  the  fame  effedl  on  the  Pendu- 
um  as  a  diminution  in  the  reflftance  of  the  Air ; 

and  vice  verfa  (3  2)  ;  It  follows  that, 

52.  What  has  been  faid  concerning  the  re- 
fiflance  of  the  medium,  &c.  is  equally  applica¬ 
ble  to  the  changes  of  the  maintaining  power 
(32,  41,  47). 


*  I  do  not  here  mean  to  afTert,  that  there  are  not  exceptions 
to  what  is  faid  of  the  uniformity  of  natural  fridtion  •,  but  as  fuck 
exceptions  do  not  invalidate  what  is  here  faid,  they  are  referved 
for  another  place. 
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53.  I  formerly  obferved,  (27,  28,}  that  the  y;Bp™Iw0t°DS 

changes  only  that  happen  in  the  reliftance  of  the  <■ - , - > 

medium,  &c.  to  Clock  Pendulums,  are  to  be  re-  Changes  only  1%. 

>  .  '  1  .the  maintaining 

garded  ;  the  fame  is  true  concerning  the  action  power  to  be  re- 
of  the  Wheels  on  the  Pendulum  (50).  gaided' 

5  4.  As  to  the  irregularity  of  action  in  Wheel-  Action^of  the 

work ;  their  fluduations  are  conftant  and  pe¬ 
riodical,  and  in  the  action  of  each  Tooth,  cor¬ 
rect  themfelves  ;  fo  that,  if  the  effed  does  not 
become  perceptible  during  the  adion  of  any 
one  Tooth  of  a  Wheel,  it  will  not,  in  any  num¬ 
ber  of  revolutions ;  for  the  error  does  not  ac¬ 
cumulate. 

55.  The  changes  that  happen  in  the  main¬ 
taining  power  from  the  different  Hates  of  flui-  Fluidity  of  the  oil, 
dity  in  the  oil,  are  of  a  contrary  nature  ;  for  &c* 
the  times  of  their  duration,  and  returns,  and 
confequently  the  errors  arifing  therefrom,  are 
uncertain ,  as  depending  upon  external  caufes ; 
and  they  accumulate,  as  fhall  be  fbewn  here¬ 
after. 


As  to  the  'Time  of  going  without  winding. 

Does  not  matter 

56.  It  is  only  to  be  regarded  fo  far  as  it  tends  S  Swatchw! ^ 
to  render  the  machine  more  or  lefs  complicated  ; 
for,  in  Clocks ,  we  have  power  at  command,  and 
may  have  any  degree  of  influence  at  pleafure  on 

C  2  the 
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the  pallets,  without  regard  to  the  continuation  of 
the  Clock’s  going  :  Thus, 

57.  In  theory ,  if  a  weight  of  two  pounds 
be  neceflary  to  maintain  a  Vibration  of  any 
given  length,  fuppofe  one  degree ,  for  eight  days ; 
a  weight  of  eight  pounds  will  maintain  the  fame 
for  thirty- two  days  (one  month) ;  and  a  weight 
of  one  hundred  and  four  pounds  will  maintain 
it  for  a  year ;  fuppoflng  the  perpendicular  de- 
fcent  of  the  weight  the  fame  in  each  cafe. 

5  8.  Now  let  us  enquire  which  of  thofe  three 
cafes  is  mod  advantageous  for  pradtice. 

59.  By  fuppofltion  (57)  the  influence,  or 
action  of  the  Wheels  on  the  pallets,  is  equal  in 
each  cafe  ;  the  Vibrations  are  equal  (57)  alfo  ; 
therefore  the  friction  on  the  pallets,  as  alfo  on 
all  the  correfpondent  parts  of  each  Clock,  will 
be  equal  j  but  the  month  Clock  has  one  Wheel, 
and  the  year  Clock  two  Wheels,  more  than  the 
week  Clock  ;  and  each  Wheel  has  its  fridtion  ; 
confequently  the  fridtion  is  greater  in  the 
month  Clock  than  in  the  weekly  one,  and  ftill 
greater  in  the  annual  Clock  than  either :  But 

60.  If  the  fridtion  remains  uniform,  an  ad¬ 
ditional  power  may  be  applied  that  will  render 
the  adtion  on  the  pallets  equal  in  each  Clock  ; 
in  which  cafe,  the  Pendulums  ( cceteris  paribus ) 
would  vibrate  in  equal  times  ;  nor  would  their 
Ifochronifm  be  any  how  influenced  by  the  above 
uniform  difference  in  fridtion  (50). 


61.  But 
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61.  But  the  influences  of  heat  and  cold  on  Time  of  going 

^  ^—ll  '■  ■  —  ■■  ■■  \mm ■# 

the  oil  applied,  -will  tend  to  vary  the  adion  of 
the  Wheels  on  the  pallets,  and  confequently  the  eUCCS  °fthe 
length  of  Vibration  (52)  and  Ifochronifm  of  the 
Pendulum  (19)* 

62.  And,  as  this  influence  may  reafonably  be  Moft  hurtful  in 
fuppofed  equal,  on  the  correfponding  parts  of  g00[o^eft.ks  that 
thofe  Clocks  ;  the  additional  Wheels  mull  have 

their  additional  influence ;  and  the  Ifochronifm  of 
the  Pendulum  is  more  difturbed  in  an  annual, 
than  a  monthly  Clock  ;  and  in  it,  than  a  week- 
ly  one  (55). 

63.  It  may  poflibly  be  faid,  that  for  the  Why  24  hour 
fame  reafon,  a  24  hour  Clock  fhould  go  better  ufed** art  not 
than  an  eight-day  one  ;  but  the  inconvenien- 

cies  attending  the  ufe  of  the  former  might  more 
than  ballance  its  advantages. 

64.  If  any  fhould  fay,  that  Clocks  in  general  Clocks  fknd  in 

.  1  n  1  J  ,  .  .  nme  of  winding 

either  itand,  or  have  a  retrograde  motion  in  uP. 
time  of  winding,  and  that  this  error  is  leaf!  in 
Clocks  of  long  continuation ;  I  anfwer,  that 
every  good  mechanic  knows  how  to  remedy  this 
imperfedion  :  But  this  I  pafs,  as  foreign  to  my 
purpofe.  A 

65.  From  the  above  confederations  it  appears ,  Eight-day  Clocks 
that  for  an  accurate  meafeure  of  time ,  eight-day 

Clocks  are  preferable  to  thofe  of  a  longer  conti¬ 
nuation .  • 


TFi eFht 
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Weight  of  the  Pendulum. 

66.  Since  the  velocity  generated  is  c  p  as  the 
motive  force  imprefled  :  it  follows , 

67.  That  the  times  of  Vibration  of  a  Pen¬ 
dulum  will  always  be  inverfely  as  the  motive 
force  *. 

68.  In  Pendulums  detached  from  Clocks,  the 
action  of  gravity  only ,  is  the  motive  force:  Hence, \ 

69.  The  Vibrations  of  all  Pendulums  of 
equal  length ,  and  defcribing  equal  Arcs,  are  ifo¬ 
chronal  in  the  fame  latitude  -f~. 

7°.  But  when  a  Pendulum  is  applied  to  a 
Clock,  the  Impetus  of  the  Wheels,  together 

with  the  a&ion  of  gravity ,  conflitute  the  mo¬ 
tive  force. 

71.  Hence ,  any  alteration  in  the  a&ion  of  the 

Wheels  on  the  Pendulum,  will  alter  the  time  of 
Vibration  (67). 

72.  And  the  alteration  that  will  happen  in  the 
times  or  Vibration  of  a  Clock,  will  always  be 
to  the  whole  time  of  its  Vibrations,  nearly  as  the 


tll  *  ^he  Vibrations  are  here  fuppofed  of  the  fame  length  •  or 

the  "d"  fo“’  d°  * 

WZ°f  the  a!flion  of  gravity,  and  the  Vis  Inertia  will  bear 
matten  pr0p0rtlon  t0  each  other,  whatever  be  the  quantity  of 

alteration 
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alteration  in  the  motive  force,  to  the  whole  Weight  of  thk 

motive  force  (66,  70).  ' - v - -J 

J'l.  Thus,  it  is  obvious,  that  (c<Zt.  par.)  the  Heavy  Pendulums 
heavier  the  Pendulum,  the  Ids  proportion  will  ieaft  mfluenced' 
any  alteration  that  may  happen  in  the  ad: ion  of 
the  wheels  bear  to  its  whole  motive  .force  (70), 
and  confequently ,  the  final  ler  the  alteration  in  the 
times  of  its  Vibration  (72) 

74.  7b  illuftrate  this  farther ,  let  us  fuppofe  niuftration, 
the  adion  of  the  Wheels  equal  to  the  a&ion  of 
gravity  on  the  Pendulum,  and  let  this  adion  of 

the  Wheels  be  fo  applied,  that  it  oppofe  the  afcent 
and  promote  the  defcent  in  the  very  fame  manner 
that  gravity  does :  then,  will  the  times  of  Vi¬ 
bration  be  only  half  as  long  as  they  would,  if 
gravity  alone  aded  ;  for  the  velocity  will  he  dou¬ 
bled  (66),  and  the  length  of  Vibration  remain 
the  fame. 

75.  And  if  by  any  means  the  adion  of  the  Ditto. 

Wheels  on  the  Pendulum  be  diminifhed,  fup¬ 
pofe  -  the  motive  force  of  the  Pendulum  will 
(70,  74,)  be  diminifhed—,  which  will  alfo 
diminifh  the  velocity  in  the  fame  proportion. 

76.  But  if  the  weight  of  the  Pendulum  be  Ditto, 
double  the  adion  of  the  Wheels,  and  their 
adion  as  formerly,  be  diminifhed  -f-,  it  will  only 


*  Becaufe  the  aftion  of  gravity  on.  the.  Prmdulum  is  unalte¬ 
rably  the  fame,  in  the  fame  place. 


make 


1 6 


Weight  of  the  make  a  difference  of 

.Pendulum. 


IMPROVEMENT  OF 

in  the  velocity  j  and 


9  o 


Ditto, 
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Application, 


confequently  in  the  time  (67). 

77.  Let  the  weight  of  the  Pendulum  be  qua¬ 
druple  the  action  of  the  Wheels,  then  will  an  al¬ 
teration  of  ■—  of  the  adion  of  the  Wheels  make 
only  an  alteration  of  -777-  of  the  motive  force  (70); 
and  confequently  in  the  velocity  and  times. 

78.  Let  the  adion  of  gravity  be  to  the  im¬ 
petus  of  the  Wheels  on  the  Pendulum,  as  100 
to  1  ;  then  if  the  adion  of  the  Wheels  as  for¬ 
merly  be  reprefented  by  30,  the  whole  motive 
force  of  the  Pendulum  will  be  3030,  and  a  di¬ 
minution  of  in  the  adion  of  the  Wheels, 

in  the  motive 


3o3o> 


will  make  an  alteration  of 
force  and  velocity  of  the  Pendulum  :  Hence  a 
Clock  would  lofe,  one  minute  in  3030. 

79.  Thus  it  appears,  that  the  fame  caufe  that 
produces  an  alteration  of  one  minute  per  hour> 
with  a  Pendulum  whofe  weight  is  equal  to  the 
adion  of  the  Wheels  (74),  *  will  only  caufe  an 
alteration  of  a  minute  in  an  hour  and  half  when 
the  weight  of  the  Pendulum  is  double  the  adion 
of  the  Wheels  (76) ;  a  minute  in  two  hours  and 
a  half)  when  the  weight  of  the  Pendulum  is 
quadruple  the  adion  of  the  Wheels  (77) ;  and  an 
alteration  of  one  minute  in  3030,  (two  days , 


*  That  is,  a  Pendulum,  on  which  the  influences  of  the  main¬ 
taining  power  and  gravity,  are  equal :  or  in  whicli  each  of  them 
contribute  equally  to  its  motive  force. 

two 
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two  hours,  and  30  minutes),  when  the  weight 
of  the  Pendulum  is  to  the  adion  oi  the  Wheels, 
as  100  to  1  (78). 

80.  Hence  it  is  evident,  that  the  alteration 
in  the  meafure  of  time,  is  (caet.  par.)  to  the  whole 
time,  as  the  alteration  of  the  motive  force  of  the 
Pendulum  (70)  to  its  whole  7notive  force. 

8  r .  And  therefore,  the  advantages  of  Pen¬ 
dulums,  are  (ccet.  par.)  as  their  weight  *. 

82.  I  have  here  coniidered  the  adion  of  the 
Wheels,  as  oppoling  the  whole  afcent,  as  well 
as  accelerating  the  defcent :  in  which  cafe, 
any  alteration  in  it,  (commencing  at  the  extre¬ 
mity  of  Vibration)  would  have  the  lame  effed 
with  an  alteration  in  the  power  of  gravity; 
that  is,  it  would  alter  the  velocity  and  times, 
without  altering  the  Arc  of  Vibration. 

8  3 .  But  in  all  Clocks ;  the  adion  of  the  Wheels, 
mu  ft  promote  the  defcent,  more  than  it  oppofes 
the  afcent  of  the  Pendulums  (or  the  contrary,) 
and  confequently,  the  Arc  of  Vibration  will  be 
increafed  or  diminifhed  with  the  adion  of  the 
Wheels:  and  the  times  of  Vibration  rendered 
more  ifochronal  than  above  ftated  (79);  but  the 
relative  proportions  of  the  changes  that  will 
happen  in  the  times,  will  nearly  remain  the 


*  Though  I  have  here  ftated  the  advantage  of  heavy  Pen¬ 
dulums  as  unlimited,  I  fhall  hereafter  endeavour  to  fhew,  why 
the  practice  n}ay  not,  beyond  certain  limits,  agree  with  the  theory. 

D  lame. 
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fame  *.  I  now  proceed  to  compare ,  the  momenta 
OF  Pe  ndulums,  differently  acquired. 

84.  I  have  in  a  former  part  of  this  Efiay 
fhewn,  that  the  advantages  of  long  Vibrations , 
bear  a  duplicate  proportion  to  their  Arc  s  (41,  47). 

85.  Therefore,  if  there  be  two  Pendulums, 
of  equal  weight  and  deferibing  equal  Arc’s,  and 
it  be  required  to  increafe  the  momentum  in  each 
equally  ;  but  in  the  one  by  weight,  and  in  the 
other  by  increafing  the  Vibration,  it  may  be 
done  as  follows : 

8  6.  Suppofe  each  Pendulum  fix  pound  weight, 
and  to  vibrate  one  degree  from  its  point  of  reft, 
then  will  their  momentum  and  advantages  be 
equal ;  but  if  their  momenta  be  equally  increafed 
(85).  as  above,  the  weight  of  the  one,  and  the 
angle  of  Vibration  of  the  other,  mu  ft  be,  as  in 
the  following  table  ;  where  you  have  in  the  firft 
column,  the  increafe  of  momentum,  and  di¬ 
rectly  oppofite  to  it,  the  weight  of  the  one  Pendu¬ 
lum  in  pounds,  and  the  angle  of  Vibration  of 
the  other ,  in  degrees  and  minutes. 


*  The  height  to  which  a  Pendulum  will  rife,  depends  on 
its  velocity  at  its  lowed:  point ;  without  any  regard  to  the  means 
fc*y  which  filch  velocity  was  acquired:  Hence,  though  the  adfcion 
of  the  Wheels  on  the  pallets,  accelerates  the  defeent,  it  in  fome 
rneafure  corrects  fuch  acceleration  in  circular  Arc’s,  by  enlarging 
the  following  Vibration  (19).  But  this  does  not  happen  in  cy¬ 
cloidal  Arc’s. 


87.  This 


CLOCK-WORK. 
87..  This  table  alfo 


Momen¬ 

tum. 

Weight  f  Angle  of  Vibration 
in  libs.  |  in  deg.  and  min. 

1 

6 

1 

2 

1  z 

1  2  5 

3 

18 

1  44 

4. 

24 

z 

5 

30 

z  15 

6 

36 

2  2/ 

7 

42 

2  *9 

8 

48 

z  50 

9 

54 

3 

10 

60  . 

3  50 

20 

120 

4  28 

40 

240 

6  IQ 

80 

480 

8  57 

100 

600 

10  1 
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Momentum  of 
the  Pendulum, 


Further  ufes* 


the  fame,  or  equal  Pen¬ 
dulums,  vibrating  dif¬ 
ferent  angles.  ’Thus : 

88.  Find  the  angles 
of  Vibration  in  the  laft 
column,  and  oppofite 
to  them  in  the  firft, 
you  have  the  momen* 
ta.  Ex.  If  the  one  vibrates  one  degree ,  and  Ditt«* 
the  other  ten  degrees ,  their  momenta  will  nearly 
be,  as  one  hundred  to  one  If  the  one  vibrates  two 
degrees  fifteen  minutes,  and  the  other  eight 
degrees  fifty-feven  minutes,  their  relative  mo¬ 
menta  will  be,  as  jive  to  eighty  ;  and  their  ad¬ 
vantages  in  correcting  the  irregularities  of  the 
movement,  are  as  the  relative  momenta  (47,  and 
81,)  that  is,  direCtly  as  the  weight,  and  in  the 
duplicate  ratio  of  the  Arc. 

8  g .  But  to  come  clofer  to  the  purpofe  ;  let  us  ExamP!e- 
fuppofe  that  there  be  given  a  Pendulum  of  eight 
pound  weight,  defcribing  an  Arc  of  ten  degrees 
from  the  lowejl  point ;  if  it  be  required  to  make 
a  Pendulum  that  fhall  have  equal  momentum 
with  the  former,  and  only  vibrate  thirty  mi¬ 
nutes  from  its  lowejl  point ,  its  weight  in  round 
numbers  muft  be  3000  pounds ;  a  weight,  that 
I  am  apt  to  think,  the  greateft  admirer  of  fhort 
Vibrations  would  not,  without  apprehenfions, 

E)  2  apply 


) 


1Z0 

Short 

Vibrations 

EXAMINED. 

I - y - > 

Obje&ion  to  long 
Vibrations,  and  its 
anfwer. 


Farther  illuftra- 
tion  in  the  follow¬ 
ing  £arts,  &c. 


Querf. 


Argument  firft,  in 
favour  of  fliort 
V  ibrations. 


Argument  fecond. 


Argument  third. 


IMPROVEMENT  OF 

apply  to  a  Houfe-clock  :  but  there  appears  not  the 
leaf  rifque  or  inconveniency  in  acquiring  the  fame 
momentum ,  by  enlarging  the  Vibration  as  above. 

90.  It  may  be  further  urged  in  favour  of 
fhort  Vibrations,  that  the  influence  of  the  oil 
on  the  pivots  of  the  verge,  is  diminifhed  as 
the  angle  of  Vibration.  But  is  it  poflible  to 
imagine !  that  any  perfon  fhould  think  of  this, 
without  having  firft  attempted  to  diminifh  the 
influence  of  the  oil  on  the  pallets  \  where  the 
effect  is  at  leaft  two  hundred  times  as  great  ? 

91.  Thofe  who  are  not  yet  fatisfied  of  the 
advantages  of  long  Vibrations,  may  have  further 
fatisfadtion,  when  the  influences  of  the  oil  on 
the  pallets  and  the  refiftance  of  the  air  are  con- 
fidered.  And 

92.  As  fome  may  enquire,  what  could  have 
induced  fo  many  learned,  and  ingenious  men.,  to 
prefer  fport  Vibrations  toi  long  f  I  fhall  endeavour 
to  point  out  fuch  arguments,  as  appear  of  greateft: 
weight  in  fupport  of  .fhort  Vibrations. 

93.  Fir  fly  Becaufe  fhort  Arc’s  of  a  circle, 
deviate  little  from  the  cycloidal  curve  :  They  are 
fuppofed  to  partake  of  the  fame  properties. 

94.  Secondly ,  Becaufe  fhort  Vibrations  are  lefs 
liable  to  communicate  motion  to  the  point  of 
fufpenfion.  And 

95.  Thirdly ,  Becaufe  they  meet  with  lefs  re¬ 

fiftance  from  the  air,  and  confequently  are  main¬ 
tained  by  a  fmaller  power ;  they  are  thought 
preferable  to  long  ones.  But 
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CLOCK-WORK. 

But  let  us  now  enquire ,  whether  thefe  are  real 
or  imaginary  advantages. 

96.  And  firft,  of  the  cycloidal  properties ,  they 
feemingly  having  introduced  iliort  Vibrations ; 
I  here  confine  my  remarks  to  the  eftablifhed 
theory  only,  and  pafs  all  the  imperfections  of 
materials  or  execution. 

97.  Mr.  Hugens  demonftrated,  that  a  Pen¬ 
dulum,  vibrating  in  the  cycloidal  curve,  would 
perform  all  its  Vibrations,  whether  long  or  fhort, 
in  equal  times  * ;  and  direCtly  thought  of  apply¬ 
ing  this  to  Clock-pendulums,  and  pointed  out  a 
method,  by  which  the  center  of  ofcillation  of  a 
Pendulum  might  be  made  to  defcribe  a  cycloid. 

98.  But  here ,  -the  center  of  ofcillation  was 
confidered  as  a  fixed  point ;  which  cannot  be 
in  a  Pendulum  vibrating  between  cycloidal 
cheeks ;  for  the  Pendulum  alters  its  length  in 
every  part  of  the  Vibration,  and  confequently 
the  center  of  ofcillation  muft  be  continually 
changing  its  place,  and  fo  defcribe  a  curve  dif¬ 
ferent  from  the  cycloid  ;  nor  has  any  method 
been  yet  propofed  for  obviating  this  difficulty. 

99.  But,  fuppofng  this  objeElion  removed ,  what 
is  demonftrated  of  Pendulums  defcribing  a  cy¬ 
cloid,  is  by  no  means  true,  after  fuch  Pendulum 
is  applied  to  a  Clock. 


Short 

Vibrations 

EXAMINED. 

I - _ — v - - / 

Cycloidal  proper¬ 
ties. 


By  whom  applied 
to  Clocks* 


Center  of  ofcilla¬ 
tion,  not  a  fixed 
point  in  cycloidal 
V  ibrations. 


Other  obje&iona 
to  cycloidal  cheeks 
&c. 


*  But  this  demonftration  does  not  include  the  influences  of 
the  medium. 

100,  Sir 
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Sir  Isaac  New¬ 
ton  aware  of  this. 


Argument  in  fa¬ 
vour  of  cycloidal 
Vibrations. 


Su^pohtion  not 
true. 


A  ftion  of  the 
Wheels  can  never 
coincide  in  every 
refpedt  with  gra¬ 
vity  on  the  Pendu- 
dulum. 


Reafon. 


IMPROVEMENT  OF 

100.  Sir  Is. Vac  Newton  was  well  aware  of 
Mr.  Hugens’s  overlight  in  both  thefe  articles ; 
for,  when  he  thews  how  to  make  a  Pendulum  de- 
fcribe  a  cycloid,  he  liippofes  it  a  point.  See  his 
Prin.  Math.  Prop.  50. 

1 01.  And  when  he  demonftrates  the  cycloi¬ 
dal  properties  of  a  Pendulum,  (Prop.  51.)  he 
exprefsiy  fays,  “  That  Gravity  alone,  fhall 
adt  on  the  Pendulum which  tacitly  fuggefts, 
that  when  the  Wheels  of  a  Clock  adt  on  the 
Pendulum,  the  cycloidal  properties  are  deftroyed. 

102.  But  it  may  be  laid,  that  if  the  Wheels 
of  a  Clock  are  made  to  adt  on  the  Pendulum, 
in  the  very  fame  manner  that  gravity  does>  the 
cycloidal  properties  may  be  preferved  :  but  this 
fuppofes  the  adtion  of  the  Wheels,  as  invariable 
as  the  adtion  of  gravity,  which  I  imagine  is  not 
the  cafe  in  any  Clock,  that  has  yet  been  made  ; 
and  if  any  alteration  happen  in  the  adtion  of  the 
Wheels,  thus  applied  ;  it  will  have  the  fame  effect 
on  the  meafure  of  time,  as  an  alteration  in  the 
power  of  gravity. 

103.  Nor  is  it  poflible  to  make  the  adtion  of 
the  Wheels,  in  every  refpeSty  to  coincide  and  co¬ 
operate,  with  gravity  ;  for  gravity  promotes  the 
defcent  in  every  point,  and  in  the  fame  manner 
oppofes  the  afcent ;  which  can  never  happen  in 
the  adtion  of  the  Wheels  on  the  Pendulum  ;  for , 

104.  Though  it  may  promote  the  defcent,  in 

the  very  fame  manner  that  gravity  does,  it  can 
,  never 
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tions  hurt  the  per- 


CLOCK-WORK, 

never  oppofe  the  afcent,  as  much* and  in  the  fame  °f  SH0RT  Vl 

manner ;  for  m  that  cale,  it  would  counter-act  - v - 

itfelf,  and  to  maintain  the  V ibrations  :  but  of. 

this  more  hereafter. 

105.  Let  us  for  a  few  minutes  diveft  our-  Enquiry, 
felves  of  cycloidal  prejudices,  and  found  our 
enquiries  on  common  fenfe,  and  the  following 
conflderations  will  naturally  prefent  themfelves. 

106.  Whenever  cycloidal  cheeks  are  applied 
it  is  fuppofed  that  the  longer  V  ibrations  are  formance  with  re¬ 
flower  than  the  Ihorter  ones ;  but  though  this  c°* lng  pa  ets' 

is  the  cafe  in  detached  Pendulums,  it  is  quite 
otherwife  in  thofe  applied  to  Clocks  with  recoiling 
pallets.  For, 

107.  If  we  add,  to  the  moving  power  of  a  An  eafy  experi- 

'  ,  ...  .  .  ,  .  1  TT..  .  ment  on  recoiling 

Clock  on  the  recoiling  principle,  its  Vibrations  clocks, 
will  become  longer,  and  at  the  fame  time  . 
quicker  :  this  is  a  truth  of  which  few,  if  any 
Clock-makers,  are  ignorant,  and  of  which  any 
perfon  in  pofleflion  of  a  Clock  of  the  recoiling 
principle,  may  foon  be  convinced  *. 

108.  How 


*  It  may  poffibly  be  here  faid,  that  though  this  has  been  gene¬ 
rally  if  not  univerfally  the  cafe,  yet  a  certain  mode  and  quantity 
of  recoil,  may  be  eftabliffied,  that  will  give  in  pradtice,  all  the 
’properties  that  the  cycloid  does  in  theory  :  but  I  am  apt  to  think 
that  fuch  inveftigation,  is  much  more  difficult  than  that  of  the 
cycloid  •,  and  that  the  application  of  fuch  theory  to  pradlice, 
muft  be  more  critical  than  even  that  of  the  cycloid.  For, 
admitting  that  the  mode  and  quantity  of  recoil  is  invefti- 
gated,  the  application  to  practice,  will  be  more  difficult  than  the 
cycloidal  cheeks,  in  proportion,  as  the  face  of  the  pallets  is 

fhortet 
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Further  arguments 
againfl  cycloidal 
Vibrations  and  a 
recoil. 


£ffe&  with  a  dead¬ 
beat  poftponedj&c. 


IMPROVEMENT  OF 

io$.  How  abfurd  then  would  it  be,  to  render 
thofe  quickefi  Vibrations ,  yet  quicker ,  by  the  ap¬ 
plication  of  cycloidal  cheeks  ? 

109.  If  thus,  it  appears,  that  the  application 
of  the  cycloid  to  Clocks,  does  even  in  theory  in- 
creafe  the  evil :  What  muff  they  do  ?  when  we 
add,  the  imperfeElions  of  execution ,  the  elaflicity 
of  cycloidal  cheeks ,  together  with  the  many  changes 
that  happen  therein  by  heat  and  cold,  and  the  bad 
ejfe&s  that  may  arife  from  the  corrojion  of  the 
metals,  Me.  Me *  *. 

no,  I  cannot  here  inveftigate  the  effedt  of  cy¬ 
cloidal  cheeks  with  the  dead-beat,  without  anti¬ 
cipating  the  theory  of  pallets,  but  fhall  here¬ 
after  endeavour  to  fhew  the  impropriety  of  any 
application  of  them,  lince  the  effect  of  the  den- 
fity  of  the  air,  on  the  motive  force  of  the  Pen¬ 
dulum,  does  exactly  balance  the  effects  of  its  re- 
flftance  in  circular  Arc’s  :  fo  far  as  they  in¬ 
fluence  the  meafure  of  time,  as  fhall  be  fliewn 
in  its  proper  place.  But  here 


Aiorter  than  fuch  cheeks :  and  I  fhall  fhew  hereafter,  that  in 
Clocks  where  the  maintaining  power  is  uniform,  circular  Vibra¬ 
tions  are  preferable  to  cycloidal  ones  •,  and  the  fame  obje&ions 
Hand  in  the  way  of  any  recoil  of  whatever  kind. 

*  This  chiefly  alludes  to  fuch  Clocks  as  have  a  recoil,  which 
has  been  the  ”cale  with  mod,  to  which  cycloidal  cheeks  have 
been  applied ;  and  in  all  Mr.  Hugens’s  Clocks  :  but  I  fhall 
fhew  in  its  proper  place,  that  the  cycloidal  Vibrations  are  infe¬ 
rior  to  the  circular,  in  a  refilling  medium  whofe  denfity  is  change¬ 
able,  whatever  be  the  conflrudtion  of  pallets. 


hi.  it 
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111.  It  feems  no  more  than  reafonable  to  Of  short  Vi- 
conclude ;  that  floor t  V ibrations  derive  no  greater  1 — — r — 1~ 
advantages  from  any  affinity  they  may  be  fuppojed 

to  have  to  the  cycloid  ;  than  the  cycloid poffejfes. 

112.  And  though  all  that  hath  been  demon-  impropriety  of 
ftrated  of  the  cycloid,  had  been  as  unexception- 

able  in  Clock-pendulums  as  in  imaginary  ones  ; 
it  would  not  follow ;  that  fhort  Arcs  would  have 
any  more  of  the  cycloidal  properties,  than  Straight 
lines  have  of  the  properties  oi  fhort  Arcs ;  and 
if  fuch  inaccuracies  are  admitted  as  mathemati¬ 
cal  reafoning,  we  need  not  be  furprifed  to  hear 
it  alter  ted,  that  there  is  no  difference  between  a 
cycloid  and  a  femicircle;  we  may  deceive  our- 
felves  by  fuch  reafoning ,  but  cannot  impofe  on 
nature ;  the  fmalleft  part  of  the  one,  for  part  of 
the  other. 

1 1 3.  As  to  the  motion  that  may  be  commu-  Sufpenfion. 
nicated  to  the  point  of  fufpenlion  (94),  I  have 

only  here  to  obferve,  that  it  may  be  more  advan¬ 
tageously  prevented  by  rendering  the  point  of 
fufpenlion  more  immoveable,  than  by  rendering 
the  Vibration  Shorter ;  lince  by  this  means,  we 
may  preferve  the  one  advantage  ;  without  loling 
the  other.  Of  this  more  hereafter. 


Its  changes  only 
to  be  confidered. 


Shortens  the  time 
of  afcent,  as 

much,  &c. 

0 


Vol.  2. 


As  to  the  refijiance *  *  of  the  Air. 

1 14.  I  formerly  have  obferved  (27,  28),  that 
we  are  only  to  conlider  the  alterations  that  hap¬ 
pen  therein ;  and  if  in  this  refpedt  fhort  and  long 
Vibrations  are  found  on  a  level,  the  latter  is  to 
be  preferred,  for  reafons  already  given  (89,  47). 

1 1 5 .  Since  the  refijiance  of  the  air  fhortens 
the  time  of  afcent  (17),  as  much  as  it  prolongs 
the  time  of  defcent  (17 ) ;  let  an  alcent,  and  def- 
cent,  be  taken  together ;  and  any  change  in  the 
refiftance,  can  only  affedt  their  times,  by  render¬ 
ing  the  Vibrations  longer  or  Ihorter  (19).  And 
therefore  f, 

.  .  *.  ^  -  -  v,.  .  .....  •,  *  »  >.  - 

*  By  the  refiftance  of  the  air,  we  are  only  to  underftand  the 
effedts  of  its  Vis  inertia ,  by  which  the  motion  of  bodies  palling 
through  it  is  deft royed  :  fuch  effects  as  arife  from  its  different  fpe~ 
cific  gravities,  independent  of  its  Vis  inertia ,  fhall  be  confidered 
towards  the  end  of  this  Eftay. 

f  Sir  Isaac  Newton  takes  notice  in  the  2d  Corol.  to  Prop, 
27.  Prin.  Math.  V.  2.  “  That  the  time  of  defcent  of  afunipendu- 
lous  body,  is  fomewhat  more  prolonged  (by  the  refiftance  of 
€C  the  air)  than  the  time  of  its  afcent  is  contradtdd,  in  proportion  as 
<c  the  defcent  is  longer  than  the  fubfequent  afcent  f  which  is  not  the 
cafe  in  Clock-pendulums,  where  the  time  of  defcent  is  contradted 
by  the  adtion  on  the  pallets  :  and  if  the  refiftance  arifing  from  the 
Vis  inertia  of  the  air,  tends  to  render  the  Vibrations  fhorter,  and 
quicker  in  circular  Arcs  (19)  in  proportion  to  its  denfity ;  the 
fpecific  gravity  of  the  air  independent  of  the  Vis  inertia ,  tends 
to  render  them  flower,  in  the  fame  proportion.  See  6  Corol.  to 
Prop.  24.  of  his  Principles  ;  where  he  fays  :  cc  That  the  com- 
<c  parative  weight  is  the  motive  force  of  a  body  in  any  heavy 
<c  medium  :  and  therefore  does  the  fame  thing  in  fuch  a  non-re - 
“  fifing  medium,  as  the  abfolute  weight  does  in  a  vacuum.59 
But  of  this  hereafter, 

1 16.  The 
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1 1 6.  The  ifochronifm  will  be  leaft  altered  in 
thofe  Vibrations,  that  undergo  the  leaf!  propor¬ 


tional  alteration  in  their  length  (14 ),  from  any  T‘s  le?ft  in 
••  change ,  in  the  reliftance  of  the  air  \  or  in  the  &°. C 
maintaining  power. 

1 1 7.  The  reliftance  that  a  Pendulum  meets 
with  from  the  air,  bears  a  duplicate  proportion 
to  the  length  of  the  Vibration :  and  the  re¬ 
liftance  that  gravity  makes  to  the  afcent  of  the 
Pendulum,  is  alfo  in  the  fame  proportion.  'There¬ 
fore^ 

1 1 8 .  All  that  has  been  faid  concerning  the  Reference,  &e. 
comparative  advantages  of  long  and  fort  Vibra¬ 
tions  (from  29  to  48),  is  equally  applicable 

to  the  uniform  ref  fiance  of  the  air  *. 

119.  And,  though  the  whole  refiftance  is 
much  greater  in  long,  than  in  Ihort  Vibrations ; 
the  change  that  any  alteration  in  the  denfity  of  the 
air,  will  make  in  the  refiftance  ;  will  bear  no  lefts 
proportion  to  the  whole  refiftance  in  fhort  Vibra¬ 
tions  than  in  long  :  And  therefore^  (1 16,  118). 

1 20. '  If  no  other  confederation  than  the  uni-  Long  Vibrations 
form  refiftance  of  the  air,  did  take  place  ;  the  preferable?  &c‘ 


_  *  Here  it  is  to  be  obferveci,  that  the  uniform  refiftance  of  the 
air,  tends  to  diminifh  the  effebt  of  any  change  in  the  maintain¬ 
ing  power,  in  the  duplicate  proportion  of  the  Arc  of  Vibration. 
See  Plate  i.  Fig.  i  and  2.  where  the  refiftance  of  the  air  as 
well  as  that  of  gravity  may  be  reprefented  by  the  perpendicular 
heights  (117),  (i.  e.  the  verfed  fines,)  fo  that  the  former  muft 
have  a  fimilar  effedl  with  the  latter  in  preferring  the  Vibration 
of  a  more  equal  length,  (41,  46, 47)  and  more  ifochronal  (14), 

E  2  .  LONGER 
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longer  Vibrations  in  Clock-pendulums  are 
much  preferable  to  the  foorter ;  nor  do  the  altera¬ 
tions  that  happen  in  fuch  rejiflance  render  them 
inferior  (119)  *. 

1 2 1 .  Some  admirers  of  fhort  Vibrations,  may 
urge  what  Sir  Isaac  Newton  has  wrote  in  the  2d 
Cor.  to  the  27  th  Prop.  V.  2.  of  his  Principia;  but 
I  may  venture  to  affert,  that  if  their  attention  in 
reading,  is  equal  to  his  judgment  in  writing,  they 
will  not  apply  any  part  of  what  he  there  fays,  to 
Clock- pendulums : 

122.  til?,  words  are,  “  That  the  fhorter  of- 
cillatipns  are  more  ifochronal,  and  very  fhort 
ones  are  performed  nearly  in  the  fame  times, 
as  in  a  non-ref  fling  medium  *j-.” 

123.  But  let  it  be  obferved  ;  that  what  He  has 
demonftrated,  is  exprefsly  of  funipendulous  bodies 
f,  to  diftinguifh  them,  from  fuch  bodies  as  have  a 
maintaining  power,  and  are  kept  in  confant  mo¬ 
tion. 


a 


«  C 

cc 


*  If  a  pendulum  approaches  near  to  a  folid  body,  at  the  ex¬ 
tremities  of  its  Vibration,  the  repercuffion  of  the  air  from  fuch 
body  may  tend  to  accelerate  the  defcent  ♦,  and  fo  contract  both, 
the  times  of  afcent  and  defcent  •,  on  which  account,  Clock-pen¬ 
dulums  lliould  have  fo  much  room  as  never  to  approach  very 
near  to  the  cafe. 

-j-  By  a  non-refifting  medium  is  here  meant,  a  medium 
deprived  of  its  Vis  inertia?  \  and  it  is  alfo  implied  that  its  denfity 
remains  the  fame  :  otherwife  the  times  of  Vibration  might  be  al¬ 
tered,  even  in  a  non-refifting  medium. 

£  Bodies  fufpended  by  threads. 

124.  His 
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124.  His  meaning  therefore ,  may  he  expreffed  of  thf^aTr 
thus’,  ftnce  the  refiftance  of  the  air  is  in  the  duplicate 


*"V" 


Reafons* 


proportion  of  the  velocity,  the  longer  Vibrations  His  meaning 

,  * r  •  \  nir  otherwife  expref- 

(where  there  is  no  maintaining  power)  mult  loie  feci. 
more  motion  than  the  fhorter  ones  do  :  and  when 
the  Vibrations  become  very  ftiort,  the  r difiance 
is  fo  fmall,  as  to  produce  no  fenlible  efFed  in  the 
length,  or  time,  of  many  Vibrations. 

1 2  5.  Any  one  who  reads  with  due  attention ,  his  Did  not  intend 
demonftrations  concerning  Pendulums,  will  clearly  to  clocks! appllti 
fee  that  he  did  not  intend  they  Jhould  be  underfood 
of  fuch  as  were  applied  to  Clocks  ;  For, 

126.  When  he  gives  the  method  of  cauling  a 
Pendulum  to  ofcillate  in  a  cycloid  (Prop.  50.)  he 
fuppofes  it,  a  point  ;  and  this  fuppoiition  re¬ 
moves  in  his  demonftrations,  any  inaccuracies  that 
may  be  found  in  Mr.  Hugens’s  ;  who  expresfty 
lays  Clock-pendulums  are  meant ;  and  that  the 
center  of  ofcillation  is  a  fixed  point  within  them. 

But  of  this  more  hereafter. 

127.  Moreover ,  when  Sir  Isaac  demonftrates 
the  properties  of  Pendulums  ofcillating  in  a  cy¬ 
cloid  (Prop.  51.)  he  fays,  “  That  gravity  alone , 

aSls  on  it  f  does  not  this  even  fuggeft,  that  the 
addition  of  any  other  power  would  deftroy  thefe 
properties  ? 

128.  If  any  further  proof  feemed  neceftary  ;  He  was  well 

that'  OUR  INCOMPARABLE  PHILOSOPHER  did  not  “Y,areof>&c- 

mean,  any  of  the  demonftrations  of  funipendu- 
lous  bodies ,  to  be  underftood  of  Clock-pendulums  ; 

and 
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and  that  he  was  well  aware  of  the  changes  that 
the  application  of  a  Clock  would  caufe  in  the  mo¬ 
tion  of  a  Pendulum. 

\ 

129.  I  might  further  obferve  ;  that  in  the 
above  cited  corollary  (121)  he  fays,  “  But  the 

times  of  thole  (V  ibrations )  which  are  performed 
in  greater  Arcs  are  a  little  greater,  becaufe 
the  reliftance  in  the  defcent  of  the  body,  by 
which  the  time  is  prolonged,  is  greater,  in  pro¬ 
portion  to  the  length  defcribed  in  the  defcent , 
than  the  refijlance  in  the  fubfequent  afcent ,  by 
which  the  time  is  contracted”*  This  cannot 
be  underftood  of  Clock-pendulums,  for  it  fup- 
pofes  each  fubfeqnent  afcent  fhorter  than  the  pre¬ 
ceding  defcent,  which  mull:  terminate  in  reft. 

1 30.  But  as  foon  as  a  Clock-movement  is  ap¬ 
plied  to  a  Pendulum,  the  defeent  is  performed  in 
lefs  time  than  the  afcent,  becaufe  the  acftion  of 
the  Wheels  promotes  the  defcent,  and  renders  each 

fubfequent  afcent ,  as  long  as  the  preceding  \ 
moreover  ;  what  He  means  to  be  underftood  of 
Clock-pendulums,  he  expreslly  mentions  j  See 
Cor.  2.  Prop.  53.  Pr.  Math. 
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*  Becaufe  the  refinance,  is  in  each,  as  the  fquares  of  their 
velocities  :  i.  e.  as  the  fquares  of  the  fpaces  defcribed  :  if  the 
fpaces  defcribed  remained  the  fame,  fo  would  the  refiftances  : 
but  this,  not  being  the  cafe  it  is  evident  that  what  Sir  Isaac 
here  fays  ;  is  by  no  means  to  be  underftood  of  pendulums  having 
a  maintaining  power* 


2 
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i  3  i  .  It  does  not  therefore  appear,  that  fhort 
Vibrations  derive  any  advantages  from  their  fup- 
pofed  affinity  to  the  cycloid ;  nor  that  Sir  Isaac 
Newton  any  'where  meant,  to  recommend  them  in 
Clocks  ;  if  the  improvement  of  Clock-work,  had 
been  his  motive  for  writing,  it  cannot  be  doubt¬ 
ed,  that  he  would  have  fhewn  as  much  Mathe¬ 
matical  lkill  and  accuracy  in  this,  as  in  other 
fubjebts ;  but  his  views  were  more  exalted. 

132.  We  mu  ft  then  judge  of  fhort  Vibrations, 
folely,  by  the  known  properties  of  the  circle  ;  and 
when  we  have  compleated  a  probable  theory, 
experiment  will  beft  determine  its  merits. 

133.  One  reafon  more,  againft  fhort  Vibra¬ 
tions  and  heavy  Pendulums ;  is,  that  the  fpring 
that  fufpends  the  Pendulum,  mu  ft  increafe  in 
ftrength,  as  the  Pendulum  does  in  weight  ;  and 
fince  all  fprings  alter  their  dimenfions,  and  confe- 
quently  their  elaftic  force,  by  heat  and  cold  ;  it 
follows,  That 

1 34.  Such  changes,  mu  ft  in  every  fpring  bear 
a  certain  '  proportion  to  the  whole  elaftic  force  ; 
therefore,  the  changes  that  will  arife  in  the  forces 
of  different  fprings  by  equal  changes  in  their  de¬ 
gree  of  heat  and  cold,  will  be  to  each  other,  as 
the  relative  forces  of fuch  fprings  ;  And 

135.  Though  I  have  hitherto  conlidered  the 
motive  force  of  the  Pendulum,  as  compofed 
wholly  of  gravity  and  the  action  of  the  Wheels ; 
{70),  it  would  be  abfurd,  not  to  add  to  them  the 

elaftic 
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elajlic  force  of  the  above  fprings  fince  it  oppofes 
the  afcent  as  much,  and  in  the  fame  manner,  as 
it  promotes  the  defcent,  and  therefore  has  a  con- 
ftant  tendency  to  fhorten  the  times  of  Vibra¬ 
tion  *, 

136.  And  the  effedt  that  this  elaftic  force 
will  have  on  the  times  of  Vibration,  will  be  (80) 
as  the  elaflic  force ,  to  the  motive  force  of  the  Pen¬ 
dulum  ;  And, 

137.  Since  the  alterations  in  this  force,  are, 
in  different  fprings,  nearly  as  their  whole  force , 
(134;,  it  follows,  that  the  relative  effedt  that  fuch 
changes  in  the  force  of  the  fprings  would  have  on 
the  times  of  Vibration,  would  be  diredtly  as  the 
whole  force  of  fuch  fprings. 

138.  But  as  the  force  of  thofe  fprings  mu  ft 
increafe  as  the  weight  of  the  Pendulum,  the  al¬ 
terations  that  will  happen  in  the  times,  will  be 
(137)  as  the  weight  of  the  Pendulum  ;  and  con- 
fequently  when  the  momenta  are  equal,  it  will 
be  much  greater  in  fhort,  than  in  long  Vibra¬ 
tions  (89)  +. 


*  Some  cliufe  ftiff  fprings,  as  they  refill  mod  towards  the  ex¬ 
tremities  of  the  Vibrations,  from  which  they  acquire  in  fome 
degree  the  properties  of  the  cycloid  :  But  any  alteration  in  the 
a£tion  of  this  fpring,  has  the  fame  effect  as  an  alteration,  in 
power  of  gravity  :  which  alters  the  times  of  Vibration,  in  cy¬ 
cloidal,  as  well  as  in  circular  Arcs. 

-j-  Nor  will  the  certrifugal  force  of  the  longer  Vibrations,  at  its 
loweft  points,  nearly  ballance  this  inconveniency  in  the  heavier 
Pendulums. 

139.  Some 
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139.  Some  may  poflibly  exped  that  I  fhould  Vibrations.^ 
here  mention  the  exad  limits  for  the  length  of  J 
Vibrations  and  weight  of  Pendulums,  but  though  tion  hinted. 

I  have  endeavoured  to  run  a  parallel  betwixt  the 
advantages  of  each,  I  do  not  pretend  to  pre- 
Icribe  for  the  pradice  of  others  ;  and  though  in 
common  I  ufe  Pendulums  from  6  to  1 6  pounds 
vibrating  from  three  to  fix  degrees ,  from  the  point 
of  ref  *  ;  I  do  not  afi'ert  that  thofe  limits  are 
belt  ;  on  the  contrary,  I  .imagine  that  Vibra¬ 
tions  may  advantageoufly  be  enlarged  to  ten  de¬ 
grees  on  each  fide  the  point  of  reft ;  but  this  re¬ 
quires  further  improvement  in  Clock-work  :  of 
which  more  hereafter. 

140.  In  this  enquiry  into  the  nature  of  Vibra-  Add refs  to  die 
tions,  I  have  endeavoured  to  ufe  fuch  reafoning  re“u''r' 

as  may  be  underftood  by  every  man  of  found 
fenfe,  though  not  pofielfed  of  the  advantages  of 
a  Mathematical  education  ;  and  I  exped  that 
by  having  thus,  as  much  as  in  me  lies,  increafed 
the  number  of  my  judges  ;  impartiality  will  be¬ 
lieve,  that  I  wifh  no  overlight  of  mine  to  miilead 
or  pals  unobferved. 

1 41.  Some  further  objedions  to  cycloidal  Vi¬ 
brations  are  referved  for  an  after  part  of  this  ef- 
lay,  when  the  different  elfeds  of  fuch  alterations 
as  happen  in  the  denhty  of  the  air  are  considered. 


*  That  is,  Arcs  from  6  to  12  degrees. 
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142.  Having  shewn,  That  the  advantages  of 
different  Vibrations,  in  correcting  the  influence 
of  any  changes  that  may  happen  in  the  main¬ 
taining  power  are  (ccet.  par.)  in  the  duplicate 
proportion  of  their  repeElive  lengths  (41,  47). 

243.  That  the  conftant  refeftance  of  the  airf 
lias  the  fame  tendency  to  corredt  any  irregularity 
in  the  maintaining  power,  and  to  limit  the  length 
ot  the  Vibration ;  that  the  aElion  of  gravity  has 
(1x8). 

144.  And  that  fuch  uniform  increafe  of  fric¬ 
tion  as  takes  place  by  increaiing  the  maintaining 
power,  cannot  influence  the  performance  of  the 
Clock  (50,  60). 

1 45 .  That  the  refifiance  of  the  medium  has  the 
fame  eftedt  in  altering  the  length  of  Vibration, 
as  diminijhing  the  maintaining  power  would  have 
(51,  52).  And  confequently  what  is  f aid  of  the 
former ,  (41,  47],  is  equally  applicable  to  the 
latter. 

146.  That  fhort  Vibrations  derive  no  advan¬ 
tage  by  being  maintained  by  a  fmaller  power  in 
proportion  to  their  momentum,  than  long  Vi¬ 
brations  are  (48  to  51). 

147.  That  no  method  is  yet  inveftigated  for 
giving  the  true  cycloidal  properties  to  Pendulums, 
(98,  99) ;  and  that  any  remaining  error  is  dimi- 
nifhed  by  enlarging  the  Vibration  (41,  47). 

148.  That  admitting  all  that  Mr.  Huge  ns 
has  demonftrated  of  the  cycloid  ;  fhort  Vibra- 
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tions  in  a  circle,  derive  no  advantage  from  their 
fuppofed  affinity  thereto  ( 1 1 2). 

149.  T hat  the  refjlance  of  the  air  can  only 
alter  the  times  of  circular  Vibration,  by  altering 
their  lengths  ( 1 1 5). 

150.  That  Sir  Isaac  Newton  has  no  where 
recommended  Ihort  Vibrations  for  Clocks  ;  nor 
did  he  intend  that  his  demonftrations  of  funi- 
pendulous  bodies  fhould  be  any  how  applied  to 
Clock-work  (1 21  to  133). 

1 5 1.  That  momentum  may  be  acquired  to  a 
greater  degree  and.  more  advantage ,  in  long  than 
in  fhort  Vibrations  (133  to  1 3  8,’,  and,  that  on 
the  whole,  long  Vibrations  are  inferior  to  fhort 
ones  in  one  article  only  ;  which  takes  its  rife 
from  the  imperfections  of  execution  ;  and  may 
therefore  be  remedied  by  proper  care  in  the  me¬ 
chanic  (1 13),  as  I  fhall  (hew  hereafter. 

152.  From  all  which,  it  may  be  concluded ,  Long  Vibrations 

that  long  V ibrations  are  lefs  influenced  by  equal  iver^refpea^thaB 
caufes ,  than  floor t  ones  :  which  concludes  the  flrfl  fhort  ones.  &c. 
part  of  the  theory  of  Clock-work  (5).  I  now  pro¬ 
ceed  to  the  Second  :  in  which  many  articles  will 
occur,  that  will  corroborate  what  has  been  al¬ 
ready  faid. 

153.  The  fubjeEl  of  enquiry  in  the  fecond  Second  part  of  the 
part  of  this  Effiay  is,  What  construction  of  a  theor-v’  &c- 
Cx.cck,  tends  leaf}  to  alter  the  ifochronifm  of  the 

fame  Pendulum. 
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Influences  of 

THE  OIL  ON  THE 
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Confiderations  re¬ 
ferred,  &c. 


Influences  on  the 
oil  irregular,  &c« 


154.  As  the  influence  of  heat  and  cold  on  the 
Pendulum,  and  the  irregularities  of  a&ion,  with 
wheels  and  pinions,  take  place  in  almoft  all 
Clocks ;  I  refer  the  confederation  of  them  to  a 
fubfequent  place  ;  and  only  obferve  here,  that 
in  each  of  them ,  equal  caufes  always  produce 
equal  effects. 

155.  The  influences  of  heat  and  cold  on  the 
oil  applied,  in  Clocks,  is  of  a  mere  irregular  na¬ 
ture  ;  for  the  qualities  of  the  oil,  are  through 
time  changed  by  the  motion  of  the  Clock,  in  fo 
much  that  equal  degrees  of  heat  and  cold  will 
have  different  effeEls  at  different  times  ;  which 
makes  it  impoffible  to  apply  a  remedy  by  means 
of,  the  expanfion  of  metals ;  and  it  would  even 
feem  that  a  perfect  remedy  had  been  delpaired 
of  unlefs  by  difeontinuing  the  ufe  of  oil :  this  is 
alfo  big  with  difficulties,  and  at  the  end  we  will 
find,  that  we  have  (at  a  conflderable  expence) 
only  fubftituted  a  fmaller  imperfedtion  for  a 
greater. 


Propofal.  1 56.  I  fliall  here  endeavour  to  fhew;  how 

this  imperfeElion  may  be  much  reduced ,  and  what 
conflruElion  of  a  Clock  will  be  leaf  influenced  by  it, 
when  thus  reduced. 

lS7-  Since  a  dialler  quantity  of  oil,  is  fooner 
ftroyed  by  motion,  deftroyed  by  motion,  than  a  greater ;  the  effect 

will  be  rendered  lefs,  and  always  more  propor¬ 
tionable  to  the  caufe,  by  fupplying  the  pivots 
with  a  greater  quantity  of  oil,  which  fhould  be 

contained 
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contained  in  a  metal  not  fo  liable  to  corrode  as 
brafs  for  moll  oils  unlefs  concentrated  by  cold, 
contain  more  or  lefs  of  faline,  afcid  or  aqueous 
parts,  fometimes  all  the  three  ;  which  corrode 
the  brafs  ;  and  the  parts  thus  corroded,  mix 
with  and  deftroy  the  oil :  care  muft  alfo  be  taken 
not  to  ufe  a  foft  malleable  metal  however  fine, 
for  duff,  &c.  will  flick  to  it,  and  tear  the  pivots  : 
I  have  ufed  hardened  fteel  for  this  purpofe,  in 
prefer ence  to  any  other  metal. 

i  58.  If  the  fame  oil  be  applied  to  any  num¬ 
ber  of  Clocks,  equal  degrees  of  heat  and  cold 
will  have  equal  efledt  on  the  fluidity  thereof  in 
each  Clock,  without  regard  to  their  moving 
powers  :  Therefore, 

159.  If  there  be  any  number  of  Clocks  whofe 
moving  powers  are  as  5,  ro,  20,  40,  &c.  having 
the  fame  oil  applied ,  and  equally  expofed ;  any 
change  of  heat  or  cold  will  equally  add  to,  or 
fubftradt  from,  their  moving  powers  (158)  ; 
iuppofe  one  degree  of  diminution  in  each,  then 
will  the  moving  powers  adting  on  the  pallets,  be 
as  4,  9,  19,  30;  fo  that  the  alteration,  is  to  the 
whole  moving  power  in  each ,  inverfely  as  the 
moving  powers  to  each  other. 
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*  The  expence  of  diamonds  or  rubies,  is  the  only  reafon  of 
my  not  recommending  the  ufe  of  the m.  But  I  here  treat  of  the 
improvement  of  Clocks,  for  domeftic  ufes,  wherein  expence 
mull  as  much  as  poffible  be  avoided,. 


1 60.  But 


IMPROVEMENT  OF 


Influences  of 

THE  OIL. 


Immediate  effect 
of  any  change, 


Momentum  accu¬ 
mulates  with  the 
increafe  of  power. 


Its  efFedf  in  the 
inverfe  duplicate 
proportion  of  the 
motive  force. 


Clocks  fhould 
move  freely,  &c. 


The  variation  in 
time  is  greater 
with  fmall,  than 
great  weights. 


160.  But  the  immediate  alteration  that  any 
change  in  the  moving  power  will  caufe  in  the 
meafure  of  time,  will  be  to  the  whole  time,  as 
the  alteration  in  the  moving  power  to  the  whole 
motive  force  of  the  Pendulum  (80). 

161.  Every  Clock  continues  to  increafe  its 
Vibration  till  the  refflance  of  the  air ,  &c.  be¬ 
comes  equal  to  the  maintaining  power  ;  and 
therefore,  the  momentum  accumulated  in  the 
Pendulum  increafes  with  the  maintaining  power ; 
and  fince  the  momentum  is  increafed  nearly  as 
the  motive  force  of  the  Wheels  ;  and  the  compa¬ 
rative  influences  of  the  oil  diminifh.  in  the  fame 
proportion  (159) ;  It  follows  that , 

1 62.  The  influencesof  the  oil,  will  affedt  the 
going  of  a  Clock,  ( ccet.  par.)  nearly  in  the  inverfe 
duplicate  proportion  of  the  motive  force  of  the 
Wheels  (161).  And  therefore , 

163.  T hough  the  execution  of  all  Clocks 
fhould  be  fuch  as  render  their  motion  as  free  and 
eafy  as  poffible,  no  advantage  is  gained  by  ufing 
the  fmaileft  weights  that  will  maintain  the  mo¬ 
tion  of  the  Pendulum  ;  but  the  contrary  ;  this 
anfwers  well  for  proving  the  care  and  judgment 
of  the  workman,  but  fo  foon  as  that  end  is  ob¬ 
tained,  the  moving  power  floould  be  increafed  in 
order  to  improve  the  performance  (162). 

164.  Example:  A  Clock  that  will  go  for 
eight  days  with  two  pounds,  will  meafure  time 
much  better,  if  a  weight  of  twelve  pounds  be 

applied ; 


CLOCK-WORK. 


applied  ;  for  the  momentum  of  the  Pendulum 
will  by  this  means  be  increafed,  nearly  as  twelve 
to  two  (161),  and  the  influences  of  the  oil,  will 
be  diminifbed  in  the  fame  proportion  (160), 
therefore  the  alterations  occasioned  in  the  mea- 
fure  of  time,  by  equal  changes  in  the  oil ,  would 
be  in  the  former  cafe ,  to  the  alteration  in  the  lat¬ 
ter  as  thirty-fix  to  one  *. 

165.  Thus  it  appears  how  much  thofe  are  mif- 
taken ,  who  ufe  very  Jmall  weights  to  Clocks  :  for 
though  an  increafe  of  weight  is  attended  with  an 
increafe  of  fridion,  it  only  argues  that  the  longer 
Vibrations  require  more  maintaining  power  in 
pradice  than  in  abftrad  theory  (50)  f. 

1 66.  What  has  been  hitherto  faid  of  the  in¬ 
fluence  of  the  oil,  is  more  particularly  to  be  un¬ 
derfood  of  that  applied  to  the  pivots  :  for,  though 
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Greater  on  the 
pallets  than  pivcts* 


*  I  have  admitted,  that  the  momentum  is  increafed  exadlly  as 
the  maintaining  power,  for  the  fake  of  a  fimple  illufl ration  ;  not 
with  any  view  of  deceiving  :  and  if  it  appears  that  the  advantages 
increafe  with  the  maintaining  power,  though  not  in  the  exadt 
proportion  here  ftated,  my  end  is  obtained. 

It  alfo  appears,  that  an  increafe  of  maintaining  power  is  ad¬ 
vantageous,  even  without  regard  to  the  increafe  of  momentum 
acquired  by  it.  Hence  it  is  not  fo  great  an  advantage  in  ihort 
Vibrations,  that  they  are  maintained  with  fmaller  weight  *,  for  if 
the  maintaining  power  was  as  uniformly  the  fame,  as  the  exertion 
of  gravity,  it  would  conftitute  as  advantageous  a  motive  force  : 
Hence-  it  is  not  the  quantity,  but  the  irregularities  of  the  maintain¬ 
ing  power,  that  hurts  the  performance  of  Clocks :  and  there¬ 
fore  the  moil  regular  is  to  be  preferred,  without  regard  to  the 
proportion  it  bears  to  the  momentum  of  the  Pendulum. 
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As  the  revolutions, 
&c. 


As  the  fpace,  &c. 


Comparative  on 
e-ach  pivot,  &c. 


it  alfo  applies  to  the  oil  ufed  on  the  pallets,  the 
effect  of  any  change  in  it,  is  much  greater  than 
has  been  hitherto  mentioned  ;  for  any  diminu¬ 
tion  in  its  fluidity  tends  to  deflroy  the  momen¬ 
tum  which  the  Pendulum  had  already  acquired, 
as  well  as  to  diminifb  the  maintaining  power  \ 
here,  action  and  re-adtion  conlpire  to  alter  the 
ifochronifm  of  the  Pendulum. 

i  67.  If  the  influence  of  the  oil  on  any  pivot 
during  one  revolution,  be  exprefled  by  one,  the 
influence  of  two  revolutions,  will  be  two  ;  on 
three  revolutions,  three ;  &c.  Therefore  the  in¬ 
fluence  of  the  oil,  on  any  pivot  in  any  given  time , 
will  be  as  the  number  of  its  revolutions . 

1 68.  The  fpace  deferibed  is  alfo  as  the  revo¬ 
lutions  ;  therefore  the  influence  of  the  oil  will  be 
(ccet.  par.)  as  the  fpace  deferibed. 

169.  Thus,  may  the  comparative  influence  of 
the  oil  on  each  pivot  in  a  Clock  be  found,  if  al¬ 
lowances  be  made  for  their  different  diameters. 
Example  :  Since  the  fwing  wheel  makes  fixty  re¬ 
volutions  for  one  of  the  minute  wheel  ;  if  their 
pivots  were  of  equal  fize,  the  influence  of  the  oil 
on  the  former,  would  be  to  its  influence  on  the 
latter  as  60  to  1 ;  but  allowing  the  pivots  of  the 
minute  wheel  to  be  thrice  as  thick  as  thole  of 
the  fwing  wheel,  the  relative  influences  on  them, 
will  be  as  twenty  to  one. 


4i 

On  the  fal- 


LETS. 

- -y— 


Wheels. 

Revolutions. 

Mean  fiae  of 

the  pivots. 

Influence  of 

thp  oil. 

Firft, 

Minute, 

Third, 

Seconds, 

1 

12 

96 

720 

7 

3 

L  1 

H4 

720 

Ufe  of  the  table* 


clock-work. 

170.  If  it  be  defired  to  reprefent  the  influ¬ 
ence  of  the  oil  on  each  pivot  in  an  eight- day 
Clock,  it  may  be  done  as  in  the  margin. 

1 7 1 .  In  the  firft  column 
you  have  the  Wheel ;  in 
the  fecond,  its  number  of 
revolutions ;  in  the  third, 
the  mean  ftze  of  both 
pivots ;  and  in  the  fourth, 
the  influences  of  the  oil : 
by  which  it  appears ;  that  the  influence  on  the 
pivots  of  the  J'wing  wheel  is  nearly  four  times  as 
great  as  on  all  the  other  pivots  in  the  Clock. 

The  influences  of  the  oil  on  the  pallets  are  On  the  pallets, 
next  to  be  confldered. — 

172.  Let  ABC,  Plate  2d,  reprelent  the  fwing  Demonilration,.  of 
wheel  of  a  Clock,  and  HKD  the  pallets;  if  the  the  leaft  poffibL> 
Pendulum  be  made  to  vibrate,  the  leaft  angle  that 

will  poflibly  allow  the  Wheel,  to  efcape  ;  the  in¬ 
fluence  of  the  oil  on'  the  pallets  during  one  Vi¬ 
bration,  will  be  as  the  length  of  the  plane  F  A 
or  C  D' on  which  the  Wheel  adts  (168),  and  the 
influence  during  two  Vibrations,  will  be  as  both 
thefe  planes ;  therefore,  if  A  O,  is  made  equal 
to  F  A  and  C  D,  together,  it  will  reprefent  the 
influence  during  two  Vibrations ;  but  A  O,  is 
greater  than  the  Arc  A  L  M,  and  therefore,  will 
bear  a  greater  proportion  to  any  third  quantity, 
and  the  influences  are  as  the  fpaces  (168  ) ;  there¬ 
fore  the  influence  on  O  A,  will  bear  a  greater 
.7  G  proportion 
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proportion  to  the  influence  on  the  fwing  wheel 
pivots ;  than  the  influence  on  the  Arc  A  LM, 
would  bear  to  it :  but  let  us  here  fuppofe  the 
influence,  only  as  the  Arc  A  L  M,  then  will  the 
influence  on  the  pallets,  during  one  revolution 
of  the  fwing  wheel,  be  to  the  influence  on  its 
pivots,  as  the  diameter  of  the  wheel)  to  the  mean 
diameter  of  both  pivots. 

173.  It  may  here  poflibly  be  faid,  that  though 
this  influence  takes  place  at  the  fame  time  on 
both  the  pivots,  it  does  not  fo  on  the  pallets ; 
but  let  it  be  remembered,  that  on  them,  action 
and  re-action  have  each  an  effeSl  (166),  but  in 
no  other  part  of  the  movement ;  therefore  the 
leafl:  influence  that  can  poflibly  take  place  on  the 
pallets  (1 72),  will  be  to  the  influence  of  both 
pivots  of  the  fwing  wheel ;  as  the  circumference  of 
the  wheel  to  the  mean  circumference  of  both  its 
pivots. 

174.  We  may  reafonably  fuppofe,  that  the 
circumference  of  the  fwing  wheel  is  to  that  of 
its  pivots,  as  50  to  1 ;  in  which  cafe,  the  in¬ 
fluence  of  the  oil  on  the  pallets,  with  the  leafl 
pojfible  vibration,  will  be  to  the  influence  on  the 
fvving  wheel  pivots  as  30  to  1  (173):  but  the 
influence  of  the  oil  on  the  fwing  wheel  pivots, 
has  already  been  proved  equal  to  four  times  the 
influence  on  all  the  other  pivots  (171) ;  therefore, 
the  leaf  pojfible  influence,  that  the  oil  will  have  on 
the  pallets ,  is  two  hundred  times  as  great  as  the 

influence 
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influence  on  all  thofe  other  pivots  :  or  forty  times 

as  great  as  the  influence  on  all  the  pivots,  thofe 
of  the  fwing  wheel  included.  On  the  pallets  to 

T  1  1-1  r  r  7  7  7-7-7  •  that  on  the  pivots 

175.  1  nave  hitherto  JuppoJed  the  Vibration  as  as  40  to  1. 
fhort  as  could  pojflbly  allow  the  Wheel  to  ejcape , 
in  which  cafe,  the  influence  would  be  the  fame  ; 
whether  the  pallets  were  conflruBed  on  the  recoil- 
ing  principle-,  or  that  of  the  dead-beat  ;  but, 

176.  Let  us  now  fuppofe,  the  pallets  con-  with  tke  dead- 
ftrudted  on  the  principle  of  the  deap-beat,  and  beat., 
that  the  Vibration  is  doubled,  then  will  the  Wheel 
embrace  the  circular  part  of  the  pallet,  and  each 
tooth  will  move  from  F  to  P,  and  from  P  to  F 
again  ;  before  it  begins  to  a<£t  on  the  plane  FA; 
therefore  (168),  the  influence  of  the  oil  will  now 

be,  to  what  it  formerly  was ,  as  twice  F  P  toge¬ 
ther  with  F  A,  to  FA;  and  if  F  P  be  to  F  A,  as 
two  to  three,  twice  F  P  will  be  to  F  A,  as  four 
to  three  ;  and  therefore  (168),  the  influence  on  the- 
pallets  will  now  be,,  to  what  it  formerly  was  (174), 
as  / even  to  three ;  and  to  the  influence  on  all  the 
pivots ,  nearly  as  ninety-two  to  one *  *;  and  this  I 
take  to  be  the  general  proportion  of  influence  on 
the  pallets  in  Mr.  Graham’s  Clocks,  and  in  the  In  Mr.  Graham’s. 
generality  of  others  that  go  with  fmall  weights,  Cl0clc%  ^ 
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> 

*  Or  to  the  influence  on  all  the  pivots*  thofe  of  the  . Awing 
wheel  excepted,  nearly  as  4 66  to  i„ 
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iN-FtpaNCRs  of  anc[  where  the  pallets  take  in  twelve  teeth  of  the 

1  Ht  OIL.  -  .  i  *  A 

<. — . — y™ — >  iwing  wheel  . 

177.  Let  us  now  fuppofe  the  above  pallets ,  con¬ 
fer  uEled  on  the  recoiling  principle  j  and  enquire 
what  will  be  the  influence  on  them  ;  all  other  cir~ 
cumjlances  as  formerly. 

plate  11.  178.  Let  A F  be  produced  to  H,  and  it  will 

With  a  recoil.  reprefent  the  plane  on  which  the  Wheel  ads ; 

by  the  conftru&ion  of  the  figure,  F  O,  will  be 
greater  than  F  A,  for  they  fubtend  equal  angles 
at  the  center  ;  but  we  fliall  here  fuppofe  them 
equal.  Now,  let  the  tooth  C,  efcape  the  pallet 
C  D,  and  the  tooth  M,  will  drop  in  the  point  F  j 
when  the  whole  Vibration  is  performed  ;  that  is, 
when  the  Pendulum  is  at  the  extremity  of  its 
Arc,  the  tooth  M,  will  be  at  O,  from  whence  it 
mull  return  to  A,  before  it  can  efcape  the  pallet. 
Thus  it  appears ,  that  in  each  Vibration  the  tooth 
defcribes  on  the  pallet,  a  fpace  equal  to  thrice 
A  F ;  therefore,  the  influence  of  the  oil  on  the 

.  -  .  .  I ■  .  v  •  •  '  ■  \ 

***  1  1  1  1  -  . .  I  !,«■,>■  fa,  Ml.  WIN-  ■*„  ,  lustin'. 

*  Plate  3.  Fig.  3.  exhibits  at  one  view  the  length  of  the 
pallet,  and  the  diftances  of  the  center  of  the  verge  from  that  of 
the  fwing  wheel,  according  to  the  number  of  teeth  of  the  Wheel 
which  the  pallets  take  in,  from  2  to  12:  By  which  it  appears, 
that  the  diftance  of  thofe  centers,  is  the  fecant ;  and  the  length 
of  the  pallets  the  tangent,  of  half  the  angle  fubtended  at  the 
center  of  the  fwing  wheel,  by  fuch  number  of  teeth. 

4  *'  : 

pallets , 
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pallets,  during  each  Vibration,  will  in  this  cafe  On  the  pal-' 

be  to  the  influence  on  F  A,  as  three  to  one.  - j 

ijg.  And  (174),  the  whole  influence  on  the  To  that  on  the  pi- 

pallets  will  here  be,  to  the  influence  on  all  the 
pivots ,  as  one  hundred  and  twenty  to  one  ;  but  the 
influence  with  the  deat-beat  has-been  proved, 
to  be  to  that  on  all  the  pivots,  as  ninety- two  to 
one  (176) ;  confequently,  the  influence  of  the  oil 
on  the  pallets ,  with  the  recoil,  is  to  the  influence 
with  the  dead-beat,  (in  this  cafe)  as  one  hundred 
and  twenty  to  ninety-two . 

180.  I  have  in  the  above  calculations  con-  Additional  on  the 
fidered  the  influence  on  the  pallets  only,  but  if  fion.'8’ US  ‘,ropot' 
we  allow  for  the  additional  influence  on  the  pivots 

with  the  recoil,  the  whole  will  be  greater  than 
above  (fated  ;  for  the  whole  influence  on  the 
pivots,  will  be  as  the  fpace  defcribed  by  the 
ooint  of  any  tooth  in  the  wheel  during  fixty  Vi¬ 
brations  ;  to  the  circumference  of  the  Wheel. 

1 8 1.  In  the  above  comparative  view,  the  face 
of  the  pallet  has  been  confidered  as  a  plain  ;  but 

the  demonffrations  will  apply,  flippofing  them  On  curve  pallets, 

curves  ;  only  obferving  that  in  fuch  cafe,  the  in¬ 
fluence  will  be  increafed  in  the  proportion  that  the 
length  of  fuch  curve  bears  to  a  ffraight  line  joining 
its  extremities  ;  and  the  relative  influences  on  all 
the  parts  of  thofe  two  Clocks  may  be  reprefented 
as  follows. 


On  afl  the  pivots 


{  With  the  dead  beat 
£  With  recoiling  pallets 


Influences  of 
the  oil 
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On  the  pallets  %  Dead-beat  and  double  Vibration  — -  92 

L Recoiling  pallets  and  double  Vibrat.  120^ 


Dead-beat  to  pre¬ 
vent  a  recoil  &c*. 


Eluftratlon* 


P  LATH  XL 


Time  of  reft  ,  con? 

Tdered, 


1 82.  Having  thus  confidered  the  influences 
of  the  oil  on  the  pallets,  and  fhown  that  it 
will  always  be  greater  ( ccet.  far.)  with  a  recoil 
than  dead-beat :  I  now  proceed  to  enquire  ;  how 
this  influence  may  be  dim  inijhed  by  the  conflruc- 
tion  of  ordinary  pallets. 

183.  An  attentive  view  of  Plate  2d  may  fatis- 
fy  us,  that  the  dead-beat  is  chiefly  intended  to  re¬ 
move  the  recoil  and  its  bad  effeEls ;  and  that  in 
pallets,  where  friction  and  the  influences  of  oil 
take  place,  no  advantage ,  is  aquired  by  increaflng- 
the  time  of  refl.  Example : 

184.  If  the  Pendulum  vibrate  any  angle  O, 
K  M,  the  Hope  of  the  pallet  fhould  fubtend  the- 
whole  of  that  angle  or  nearly  fo;,  as  P  A  :  for  if 
the  Hope  only  fubtends  one  half  of  the  angle  as; 
F  A,  the  influences  of  the  oil  will  be  increaled  in 
the  proportion  that  twice  F  P  together  with  F  A 
bear  to  PA;  but  P  F  and  F  A  together,  are- 
greater  than  P  A  ;  therefore  twice  P  F  and  F  A„ 
will  be  much  greater  than  PA;  and  confe- 
quently  (168),  thefriBion  and  influence  of  the ■ 


*  It  is  not  meant  here  to  affert,  that  this  proportion  will  uni- 
verfally  hold  ;  for  it  will  vary  in  proportion  to  the  quantity  o£ 
the  recoil but  will  ever  be  greater  with  it  than  the  dead-beat. 
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c//j  will  be  increafed  in  the  fame  proportion,  by  °N  THE  PAL* 
thus  increafmg  the  time  of  reft.  < --v-- — > 

185.  As  all  Clocks  vibrate  further  when  the  Hqw  long  it  mould 
oil  is  clean  and  fluid,  than  when  it  becomes  lc‘™ 

dirty  and  glutinous,  we  mull  always  allow  the  Arc 
of  reft:  as  P  F,  to  fubtend  an  angle  equal  to  the 
greateft  change  that  can  happen  from  the  different 
ftates  of  the  oil ;  nor  fhould  any  great  latitude  be 
taken  here,  ftnce  Clocks  fhould  always  be  clean¬ 
ed,  when  their  Vibration  is  fenftbly  diminifhed. 

186.  Thus  it  were  well  that  in  conftrudting 
pallets,  on  the  principle  of  the  dead-beat,  more 
regard  was  paid  to  this  conffderation  ;  and,  that 
the  time  of  reft,  was  made  no  longer  than  is* 
abfolutely  necejfary. 

187.  But  we  daily  fee,  that  ftome  increafe  the  Increafe  of  recoil, 
time  of  reft ,  while  others  increafe  the  recoil ,  each  or  reli :  mcreale  lU 
with  intent  to  improve  the  performance :  but 

on  the  whole,  increaftng  the  time  of  reft,  where 
the  influence  of  oil  takes  place,  increales  the  evil, 
though  not  fo  much  as  an  equal  increafe  of  recoil 
does  (182). 

188.  It  may  here  probably  be  urged  that  the 
influences  of  the  oil  on  the  pallets,  muff:  always 
be  greater  with  long  Vibrations  than  with  fhort ; 
for  P  A,  is  longer  than  F  A ;  but  if  this  be  generally 
the  cafe ,  it  does  not  follow ,  that  it  muff  remain 
lo  ;  For, 

189.  In  equal  Vibrations,  thofe  influences  are  As  the  length  of 
as  the  length  of  the  gullets.  See  Plate  3.  Fig.  1.  tlle 

which 
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which  reprefents  the  place  of  action  of  four  pair 
of  pallets,  whofe  lengths  are  as  1,  2,  3  and  4  ;  if 
the  Arc  of  reft,  and  Hope,  fubtend  the  fame 
angle  in  each  ;  as  reprefented  by  the  dotted  lines, 
it  is  obvious  that  the  influences  of  the  oil  and 
fridtion,  are  in  each,  as  the  length  of  the  pallets 
from  the  center  of  motion  to  the  point  of  addon.* 

1  go.  Therefore  when  the  Vibration  is  enlarg¬ 
ed,  the  pallets  Jhould  be  Jhortened ,  and  care  fhould 
be  taken  never  to  have  them  longer  than  what  is 
abfolutely  necejfary  ;  for  no  advantage  can  be 
thus  gained,  and  the  difadvantages  are  obvious 
(189). 

1 9 1.  As  fome  are  of  opinion,  that  a  longer  pal¬ 
let  will  maintain  the  motion  of  a  Pendulum,  with 
lefs  power  than  a  fhorter  ;  I  muft  once  more 
refer  to  Plate  3.  Fig.  1.  where  it  will  appear  ; 
that  what  is  gained  in  power  by  the  length  of  the 
pallet ,  is  loft  by  the  inclination  of  the  plane  on. 
which  this  Wheel  a&s  ;  if  it  be  propofed  to  make 
the  inclination  equal  in  all  the  pallets,  and  there¬ 
by  to  acquire  an  advantage  in  proportion  to  their 
length,  let  it  be  remembered  that  if  the  power  is 
made  to  adt  four  times  as  ftrong,  it  will  only  con¬ 
tinue  to  adi  one  fourth  of  the  time ,  fo  that  what 
is  gained  in  power,  is  loft  in  time.  On  the 
whole , 


*  And  the  length  of  the  pallets,  c.  p.  depends  on  tire  number 
of  teeth  which  they  take  in.  See  Plate  3,  Fig.  3.  (176).. 

192.  Since 


CLOCK-WORK.  49 

192.  Since  the  power  of  the  fwing  wheel  is  °N  THE  PAL' 
limited,  any  attempt  to  increafe  its  effect,  by 


LETS. 


-v 


lengthening  the  pallets,  will  be  fruitlefs  ;  for  it  No  power  can  be 
cannot  efcape  the  pallets,  however  fhort ;  before  fnin^the pallets.’ 
it  has  exerted  all  its  force  thereon.  Example  : 

Every  mechanic  knows  that  the  exertion  of  gra¬ 
vity,  on  bodies  defcending  by  inclined  planes,  is 
always  as  the  perpendicular  height ,  and  therefore, 
never  attempt  to  gain  power  by  lengthening  the 
Diane  ;  the  cafe  is  exactly  limilar  with  regard  to 
ong  and  fhort  pallets  :  for  if  the  Wheel  be  ca¬ 
pable  of  exerting  a  certain  force,  in  a  whole  re¬ 
volution,  it  can  exert  no  more  than  one  fixtieth 
of  that  force  in  a  fixtieth  of  its  revolution  ;  that  is, 
during  one  Vibration.* 

iQ-j.  It  may  poffibly  be  faid,  that  if  the  Why  its  eftea* 

.  n  7  0  r  1  -1  r  7  n  ,  not  more  fenfible 

influence  or  the  oil  was  10  great  as  above  flatea ,  on  the  perform- 

its  effects  on  the  performonce  of  Clocks  would  ance- 

be  more  fenfible  than  they  are  :  To  this  it  is  an- 

fwered  ;  that  if  no  other  imperfection  took  place, 

this  effect  would  become  confiderable  ;  but 

fince  the  fri&ion  on  the  pallets,  as  well  as  the 

influence  of  the  oil  increafes  as  the  fpace  which 

the  teeth  of  the  Wheel  defcribe  on  the  pallets ; 

while  the  oil  is  attenuated  by  heat,  the  increafe 

of  fridtion  on  the  pallets,  arifing  from  the  increafe 


*  And  the  progreffive  motion  of  the  Wheel,  in  the  one  cafe, 
may  properly  be  compared  to  the  perpendicular  defcent,  in  the 
other  ;  each,  being  the  line  of  direction  of  the  power,  by  which, 
its  exertion  muft  always  be  eftimated. 

H  of 
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of  Vibration  partly  compenfates  the  increafe  of 
power,  and  prefer  ves  the  length  of  Vibration 
more  equal  c.  p.  than  if  no  friction  took  place,  and 
vice  verfa  .* 

194.  But  the  effects  of  friction  on  the  pallets 
can  never  remedy  the  influences  of  the  oil,  for 
the  former  is  of  a  more  uniform  nature ,  and  the 
latter  very  changeable. 

195.  Heat  lengthens  the  Pendulum  rod  of  a 
Clock,  and  fo  tends  to  make  it  go  flow  ;  the 
fame  heat  makes  the  oil  more  fluid  j  and  by  thus 
increaflng  the  action  of  the  fwing  wheel,  on  the 
pallets,  tends  to  make  it  go  fafter  f*. 

196.  Thus,  do  the  effeEls  of  heat  and  cold  07t 
the  Pendulum ,  together  with  the  friSHon  on  the 
pallets  (193),  always  counteract,  and  in  many 
cafes  overcome,  the  influence  of  the  oil  on  the  pal¬ 
lets ,  &c.  (193,  195)5  and  by  this  means,  the 
whole  variation  in  the  performance  of  Clocks , 
bears  a  lefs  proportion  to  the  whole  caufes ,  than 
would  happen  if  they  did  not  counteract  each 

*  It  is  not  here  meant,  to  recommend  the  friftion  on  the  pal¬ 
lets,  as  a  defireable  remedy  againft  any  imperfection  in  the  per¬ 
formance  :  for  if  it  be  diminifhed  to  luch  a  degree,  as  to  render 
the  application  of  oil  unneceffary,  the  Vibration  will  by  that 
means,  be  increafed  fo  as  to  be  lefs  influenced  by  any  alteration 
in  the  tenacity  of  the  oil  on  the  pivots  (41,  173,  174).  It  is 
therefore  inftrumental  only,  in  diminiffiing  an  evil  of  which  it  is 
the  caufe,  and  which  it  never  can  ballance  •,  nor  can  its  ad¬ 
vantage  in  any  refpeCt  equal  its  hurt :  as  I  flhall  fliew  hereafter. 

f  Particularly  with  recoiling  pallets. 

other  j 
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other  ;  or  if  each  was  taken  feparately.  On  the 

WHOLE  IT  APPEARS, 

197.  ‘That  oil  is  of  a  changeable  nature,  and 
that  no  perfect  remedy  can  be  applied  for  its  ef¬ 
fects  by  oppolition  (155  1 94) . 

198.  That  increafing  the  moving  power  in 
Clocks,  will  diminifh  the  relative  effect  of  fuch 
influence  on  every  part  of  the  movement  and 
pallets  (162). 

199.  That  increafing  the  quantity  of  oil  will 
render  its  influence  lefs,  and  more  uniform  (157). 

200.  That  the  recoiling  pallets  increafe  the  in¬ 
fluence  of  the  oil  and  friction  on  all  the  pivots , 
as  well  as  on  the  pallets  :  but  the  dead-beat  does 
not  (180). 

20  r.  That  the  influence  and  the  fridtion  on 
recoiling  pallets,  (cast,  par.)  are  greater  than  on 
thofe  conftrudted  on  the  principle  of  the  dead¬ 
beat  {\%\). 

202.  That  the  influence  of  the  oil  and  fridti- 
on,  is  leaf!;  on  thofe  pallets,  where  the  recoil ,  or 
time  of  reft,  is  leaf!  (187)  :  Therefore, 

203.  That  the  flope  (or  planes  of  adtion}  of 
the  pallet  fhould  nearly  flibtend  the  whole  angle 
of  Vibration  (184),  where  fridtion  takes  place, 

204.  That  the  induence  of  the  oil  is  greater 
in  pallets  whofe  place  of  adtion  is  a  curve,  than 
thofe  that  are  draight  (181). 


On  the  pal¬ 
lets. 


Recapitula¬ 

tion. 
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20^.  That  the  influence  increafes  ( c<zt,  par.} 
as  the  diameter  of  the  fwing  wheel  (172)  *. 

206.  “That  the  influence  of  the  oil,  and  fridti- 
on  increafes  as  the  length  of  the  pallets  (189). 

207.  That  no  advantage  is  acquired  by  long 
pallets,  but  the  contrary  ;  and  therefore  they 
fhould  be  made  as  fliort  as  circumftances  will  al¬ 
low  (19 1)  +. 

208.  That  the  influences  of  the  oil  and  fric¬ 
tion  may  be  as  much  diminifhed  in  long  as  fliort 
Vibrations  (190,  172). 

209.  Andy  that  the  fridtion  on  the  pallets 
counteradts  the  influences  of  the  oil,  but  never 
can  ballance  it  (19  3,  1 94). 

210.  Thus  have  I  endeavoured  to  flbew,  how 
the  changes  that  happen  in  the  fluidity ,  &c.  of  the 
oily  do  influence  the  performance  of  Clocks  ;  and 
how  far  the  ejfeSl  may  be  diminijhed  without 
much  expence  :  and  if  what  I  have  here  advanc¬ 
ed  proves  any  how  inftructive  to  thofe  who  know 
lefs  ;  or  procures  a  better  inveftigation,  from  thofe 
who  know  more  of  this  matter  ;  my  end  is  an- 
fwered. 


*  Here  the  fridtion  does  not  increafe  as  the  influence  of  the 
oil ;  as  will  appear,  when  we  confider  the  nature  of  the  horizon¬ 
tal  wheel  and  cylinder. 

f  This  rule  only  applies- in  pallets,  where  fridtion  takes  place  ; 
but  I  fhall  fhew  hereafter,  how  a  confiderable  advantage  may  be 
gained  by  lengthening  fuch  pallets,  as  have  neither  fridtion  nor 
recoil. 

211.  1 
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2 1 1 .  I  now  proceed  to  enquire  into  the  differ¬ 
ent  methods  that  have  been  heretofore  ufed ,  for  re¬ 
moving  the  influences  of  the  oil. — 

212.  When  two  hard  bodies  rub  againft  each 
other,  there  arifes  a  refiftance  which  we  com¬ 
monly  call  friBion  ;  and  though  by  experiments 
of  fhort  duration,  repeated  at  different  times,  we  £rt^‘on  accumu' 
find  no  fenfible  difference  in  this  refiftance ;  it 
increafes  by  continuation  ;  fo  as  in  fome  cafes  to 
equal  the  moving  power. — 

213.  If  a  common  Clock  be  fet  a  going  with¬ 
out  any  oil,  it  moves  pretty  freely  at  beginning  : 
in  time,  lofes  its  Vibration;  and  in  the  end,  comes 
to  reft  ;  and  if  the  rubbing  be  conftant,  the  times 
in  which  this  will  happen,  will  be  fhortened  by 
increafing  the  preflure,  or  relative  velocities  of 
the  rubbing  furfaces  *. 

24,  All  folid  bodies  are  heated  by  fridtion,  .  .  , ,  r 

...  \  i  i  i  A  probable  reafon* 

or  attrition  or  any  kind  ;  and  the  heat  thus  ge-  why. 
nerated  is  at  leaft  in  fome  degree,  proportioned 
to  the  force  and  velocity  with  which  the  bodies 
a£t  on  each  other  ;  nor  is  it  improbable,  that  it 
opens  the  pores  of  metals  or  produces  fuch  other 
changes  in  their  textures,  as  to  occafion  this  in- 
creafe  of  friBion  ;  to  prevent  the  pernicious  effects 
of  which ,  oil  has  been  applied  to  Clocks ;  there- 


*  The  application  of  oil  will  immediately  recover  the  motion  ; 
which  tends  to  prove,  that  fuch  decreafe  was  not  folely  owing  to 


fuch  ro.ughnefs  of  the  furfaces,  as  commonly  takes  place. 


fore 
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fore,  if  friction  be  removed,  by  any  mechanical 
means,  the  application  of  it  will  become  unne- 
cefl’ary,  and  its  influences  no  longer  take  place. 

215.  Thus  have  fridtion  pullies  been  introduc¬ 
ed,  and  if  materials  and  execution  could  be  fup- 
pofed  perfect,  and  no  regard  paid  to  expence,  the 
friElion  of  the  pivots  might  by  their  means  be 
Efficiently  reduced  for  common  purpofes  ;  nor 
would  I  difapprove  the  ufe  of  them,  unlefs  a  more 
Ample  and  effectual  remedy  could  be  offered  ; 
of  which  more  in  its  place. 

216.  The  next  attempt  of  removing  the  in¬ 
fluences  of  oil  from  the  pivots ,  we  owe  Mr. 
Hu  gens,  which  contrivance  he  defcribes  thus  in 

Winding  up  every  his  Horologium  Ofcillatorium ,  publi[hed  in  they  ear 
half mmute.  1673  ;  “  To  that  Wheel  which  is  next  the 

“  Pendulum,  and  has  its  teeth  cut  like  a  faw,  we 
“  hung  a  f mall  weight  by  a  flender  chain,  by  means 
“  of  which ,  that  Wheel  alone  was  moved,  all  the 
reft  of  the  machine  anfwering  no  other  pur- 
pofe  than  the  winding  up  that  fmall  weight 
every  half  minute.” 

When firft applied.  217.  Mr.  Hugens  informs  us  that  he  applied 

the  above  contrivance,  to  two  fpring-clocks  that 
were  fent  to  fea  in  the  year  1664,  in  order  to 
difcover  the  Longitude  ;  and  that  their  motion 
was  by  the  above  means  rendered  more  uniform 
(at  land)  than  in  any  of  his  former  Clocks  :  he 
gives  a  full  defeription  of  them,  with  an  account 

1  of 
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of  their  fuccefs,  in  the  above  cited  book,  from  On  the  pivots 

>  .  1  DIMINISHED. 

page  1 6,  to  21,  to  which  I  refer  the  curious.  - v - * 

2 1 8.  The  advantage  of  this  ingenious  con¬ 
trivance  is  manifeft  in Jpring-cloch  that  are  fix-  ^ 

ed  at  land  :  for  we  may  thus,  have  the  conve- 

niency  of  the  fpring  (as  the  firft  mover) ;  and  the 
more  uniform  adtion  of  gravity  for  maintaining 
the  Vibrations  ;  but  we  are  not  to  conclude,  that 
by  this  means  Clock-work  is  perfected. 

219.  I  have  already  Jhewn  (174)  tiiat  the 
lead  poflible  proportion  that  the  influence  of  the 
oil  on  the  pallets ,  bears  to  the  influence  on  all  the 
pivots,  in  an  eight-day  Clock,  (thofe  of  fwing 

wheels  excepted)  is  as  200  to  1.  'Therefore ,  this  Its  utmoft  effect, 

contrivance,  can  only  remove  a  200th  part  of 
the  whole  influence  of  the  oil  in  an  eight-day 
Clock  *. 


220.  Some  may  poflibly  think,  that  great  ad¬ 
vantage  is  acquired  by  removing  the  irregula¬ 
rities  of  action  in  the  Wheels  ;  without  confl- 
dering  that  this  little  weight  mu  ft  be  wound  up 
every  half  minute  ;  and  that  the  fwing  wheel 
muft  as  oft  unlock  the  part  which  winds  it  : 
thus,  there  arifes  a  periodical  inequality  in  the 
adtion  of  the  fwing  wheel  on  the  pallets,  which 
is  no  more  innocent  than  the  periodical  fludtua- 
tions  in  the  adtion  of  Wheels  and  pinions,  as  fhall 


Comparative  ad** 
vantageconfidered» 


*  See  the  note  to  par.  (176):  by  which  it  appears,  that  the 
influence  of  the  oil  on  the  pallets,  and  the  pivots  of  the  fwing 
wheel  together  ;  is  466  times  as  great  as  on  all  the  other  pivots 

in  an  eight-day  Clock,  though  here,  ftated  only  at  200. 


be 
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be  further  fhewn  hereafter.  On  the  whole  it 
appears, 

22i.  That  even  in  fixed  Clocks ,  this  contri¬ 
vance  ferves  only  to  take  oft'  the  imperfections  of 
the  main  fpring  fio  as  to  render  the  aEHon  on  the 
pallets  as  uniform  as  in  Clocks  'wherein  gravity  is 
the firfi  mover  ;  and  to  remove  a  200th  part  of 
the  influence  of  the  oil  on  the  whole  movement 


(*74)- 

The  contrivance  222.  I  would  not  be  underftood  by  this  ill- 
ingemous.  quiry,  to  depreciate  an  invention  that  indicates 

as  much  genius  as  fome  others  of  more  utility  ; 
nor  wantonly  to  detract  from  the  merits  of  a  per- 
fon  to  whom  Clocks  owe  their  greateft  improve¬ 
ment  ;  I  have  ever  preferred  demonfir ation ,  to 
opinion ,  nor  is  the  leaft  difrefpedt  meant,  where- 
ever  the  former  is  oppofed  to  the  latter. 

Not  fo  advanta-  222.  When  I  treat  of  Watches,  it  will  appear 

geous  in  portable  j  r  i  r  l  i  .  r  r 

machines  as  above  that  the  advantages  of  the  above  contrivance  can- 
ftated-  not  be  fio  great  in  any  Portable  Machine  as 

above  Jlated  ;  and  that  it  is  more  than  probable, 
it  hurts  the  performance ;  but  let  us  now  fiuppofe , 
that  it  has  all  the  deftred  efteft,  and  that  the  in¬ 
fluences  of  the  oil  on  all  the  pivots  be  totally  re¬ 
medied  ;  the  influence  on  the  pallets  ftill  remains ; 
and  confequently  —■  only  of  the  whole  influence 
on  the  Clock  is  removed  (i  8 1)  *. 


*  What  is  admitted  at  the  clofe  of  this  paragraph,  is  intire]  y 
for  the  fake  of  illuftration  ;  for  this  contrivance  has  no  tendency  to 
remove  or  diminifh  the  influence  of  the  oil  on  the  fwing  wheel 
pivots*  therefore  its  utmoft  advantage  is  Hated  (221), 

224.  if 
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224.  If  any  attempts  have  been  made  by  the 

mechanics  of  the  laft  age,  towards  removing  the 
influence  of  the  oil  from  the  pallets,  I  am  unac-  v'  ' 

quainted  with  them  ;  and  though  many  have 

been  made  by  thofe  of  the  prefent,  it  does  not  ap¬ 
pear  that  they  have  been  attended  with  all  the  introduaion. 
wiflied  for  effect  ;  for  it  is  neceffary ,  not  only  to 
remove  the  influences  of  the  oil ;  but  that  no  other 
caufebe  introduced  that  can  be  productive  offlmi- 
lar  ejflebis.  ■ 

225.  I  have  feen  pallets  of  a  very  ingenious  Pallets  by  Metis, 
conftrudtion,  with  Mr.  ’John  Harrifon  of  Red- 
Lion- Square  and  with  Mr.  Hindley  of  York  ; 
in  each  of  which,  the  fridtion  and  influences  of 
the  oil  were  almofl  annihilated ;  but  if  I  miftake 
not,  in  removing  thefe,  other  imperfections  have 
been  introduced  ;  which,  however  fhort  of  the 
former ,  merit  ferious  attention. 

226.  The  contrivances  ufed  by  each  of  thofe 
gentlemen,  fo  well  known  for  their  mechanical  principle. 
abilities ,  were  much  of  the  lame  nature  ;  nor  did 
they  differ  materially  in  principle  in  any  article 
that  I  could  fee  ;  but  Mr.  Harrifon  informed  me  ; 

“  that  in  his  regulator,  the  action  of  the  Wheel 
‘ £  on  the  Pendulum  was  the  fame  with  the  adtion 
“  of  gravity  thereon  *  :  nor  do  I  in  the  leaft 


Much  of  the  fame 


*  By  which  I  underftood,  that  the  ad  ion  of  the  fwing  wheel 
on  the  pallets,  increafed  and  diminifhed  in  every  part  of  the  Vi¬ 
bration,  in  the  very  fame  manner  that  the  addon  of  gravity  did 
on  the  Pendulum-ball  •,  i.  e.  that  the  addon  was  in  every  part, 
as  the  verfed  line  of  the  angle  contained  between  the  center  of 
©fcillation  of  the  Pendulum,  and  its  point  of  reft, 

I 


doubt 


5s 

Influences  of 

THE  OIL  DIMI- 
NISHE  D, 


Articles  that  are 
common  to  both. 


IMPROVEMENT  OP 

doubt  the  aflertion,  though  I  have  never  feen 
thofe  pallets  ;  but  cannot  conceive  what  real  im¬ 
provement  can  follow  ;  however,  to  the  beft  of 
my  remembrance,  no  fuch  attempt  was  made  in 
Mr.  Hindley  s,  but  the  following  articles  were  com¬ 
mon  to  both  their  pallets ,  that  I  did  fee  *. 

227.  Firfl,  That  the  teeth  of  the  Wheel,  do 
not  rub  on  the  pallets ,  but  continue  to  adt  (or 
prefs)  on  them  alternately  during  their  relpedtive 
Vibrations. 


f 

*  We  are  informed  in  the  Phil.  Tranfi  Vol.  XLVII.  pag.  517. 
and  in  the  Supplement  to  Mr.  Hinton’s  Did:,  of  Arts,  &c. 
(SeePENDULUM),  “  that  this  manner  of  applying  the  adion  of  the 
44  Wheels  to  the  Pendulum,  prevents  its  being  affeded  by  the 
44  different  refiftance  of  the  air  :M  But  I  cannot  imagine,  that  fo  ill- 
grounded  an  affertion,  was  thus  publicly  made  with  Mr.  Harri¬ 
son’s  confent :  when  it  requires  but  a  few  minutes  reafoning,  to 
prove,  that  fuch  an  application  of  the  maintaining  power,  muff 
be  hurtful  to  the  performance  of  the  Clock,  by  increafrng  the 
effeds,  which,  any  alteration  in  the  denfity  of  the  air,  would 
otherwife  have  on  the  meafure  of  time. 

Does  not  any  increafe  of  denfity  (or  refiftance)  in  the  air  di-, 
minifh  the  angle  of  Vibration  ?  and  confequently  ;  this  accele¬ 
rating  effed  on  the  pallets  (note  226)  *,  how  then  can  the  latter 
ballance  the  former ,  when  the  one  increafes  as  the  other  dimi- 
nifhes  ?  And,  admitting  that  this  accelerating  effedt,  did  increafe 
and  diminifh  with,  the  denfity  of  the  air,  its  effed  on  the  meafure 
of  time,  would  be  no  better  than  above  ftated  :  unlefs  we  fup- 
pofe,  that  the  time  of  afcent  of  a  Pendulum,  as  well  as  the  time 
of  its  defcent,  is  increafed  by  the  refiftance  of  the  air:  But  Sir 
Isaac  Newton  informs  us,  That  the  time  of  afcent  is  fhortened, 
and  the  time  of  defcent,  lengthened  by  fuch  refiftance  :  nor  is  it 
difficult,  (if  it  was  neceffary)  to  confirm  his  affertion  by  experi¬ 
ment  :  but  of  thefe  matters  more  in  their  proper  place. 

228.  Se- 
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228.  Secondly,  That  the  one  pallet  cannot  Ir^T!'0DUCTl0N 

difengage  itfelf  from  the  Wheel,  till  the  other  be-  general. 
gins  to  aft,  fo  as  to  caufe  a  recoil ,  or  retrograde  'vr  * 
motion  of  the  Wheel  ;  which  was  much  more 
conliderable  in  thofe  fcapements,  than  in  com¬ 
mon  ones.  . 

229.  Thirdly  1  That  during  the  progreffive 
motion  of  the  Wheel,  a  Jlender  fpring  is  bent , 
that  difengages  the  pallet  from  the  Wheel,  fo foon 
as  the  recoil  begins. 

230.  Fourthly,  That  when  the  pallet  is  thus 
thrown  from  the  Wheel,  it  is  received  by  ano¬ 
ther fpring ,  the  office  of  which,  is  to  keep  it  in 
a  certain  pofition,  in  which  the  teeth  of  the 
Wheel  may  always  find  it. 

231.  Fifthly,  That  during  the  retrograde 
motion  of  the  Wheel ,  thofe  lafl  mentioned  fprings 
are  bent,  by  which  means  they  oppofe  the  afeent 
of  the  Pendulum,  and  by  their  unbending,  pro¬ 
mote  its  defcent. 

232.  The  conclufon  concerning  thofe  pallets  de’ 

muft  be  deferred ,  till  the  effeSl  of  a  recoil  in  gene¬ 
ral  is  explained ;  to  which  I  now  proceed, 

233.  I  have  formerly  obferved ;  that  the 
dead-beat  was  invented  to  remove  the  bad  ef- 
1  efts  of  a  recoil  (183);  and  Jhewn  ;  that  the  in¬ 
fluences  of  the  oil  and  friftion,  is  greater  on  pal¬ 
lets  that  have  a  recoil,  than  on  thofe  that  have 
none  (182) :  I  now  enquire  into  the  comparative 

I  2  advan - 
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advantages  of  the  dead-beat  and  recoil,  when 
neither  friction ,  nor  influence  of  the  oil  take  flace. 

234..  All  pallets  whatever,  muft  have  fome 
recoil >  or  no  recot l ;  if  the  former  ;  they  take 
their  name  from  thence  :  if  the  latter ;  they 
belong  to  the  dead-beat  :  and  thus  may  all 
pallets  be  reduced  to  two  classes  :  and  what  I 
am  now  to  obferve  of  thofe  two  kinds  of  pallet s,  will 
apply  without  exception,  in  all  the  variety  of 
conjlruciions  that  can  pofjibly  be  invented  ;  fince 
it  wholly  depends  on  the  quantity  of  recoil ,  inde¬ 
pendent  of  all  other  circumftances. 

235.  The  adfion  of  the  Wheels,  in  all  Clocks, 
ferves  to  maintain  the  Vibrations  ;  and  their 
revolutions,  give  the  number  of  Vibrations ;  thefe 
are  ends,  which  the  maintaining  power  muft 
anfwer  in  all  Clocks  ;  but  fome  have  attempted 
to  render  the  „  Vibrations  more  ifochronal,  by 
giving  a  recoil  ;  and  thus  making  the  adtion *  of 
the  Wheels  oppole  the  afcent  of  the  Pendulum 
at  the  extremity  of  its  Vibration  ;  and  they  feem 
to  prefer  this  oppofttion  of  the  Wheels,  to  the 
more  unalterable  oppofttion  of  gravity  ;  becaufe 
the  former  increafes  and  diminifhes  as  the  main¬ 
taining  power  ;  and  confequently,  oppofes  the 
afcent  moft,  when  it  has  the  greateft  tendency  to 
enlarge  its  limits  :  but  this  imaginary  advantage 
vanifhes ,  when  we  conftder,  That  ; 

236,  When  the  tooth  C,  Plate  2.  is  difen- 
gaged  from  the  pallet  C  D,  the  tooth  M,  will 
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drop  on  the  pallet  H  A  at  F,  and  as  the  Pendu¬ 
lum  continues  its  progrefs,  the  Wheel  will  have 
a  retrograde  motion  on  the  pallet ;  fuppofe,  from 
F  to  O  ;  it  is  obvious  that  the  Wheel  will  pro¬ 
mote  the  defcent  and  lengthen  the  next  afcent  by 
its  motion  from  O  to  F  ;  as  much  as  it  oppofed 
and  contrasted  the  afcent  by  its  motion  from  F 
to  O  ;  and  thus,  the  aSlion  from  O  to  F,  and 
the  reftjlance  from  F  to  O,  do  exactly  ballance 
each  other,  fo  far  as  relates  to  the  length  of  Vi¬ 
bration  ;  And  therefore, 

237.  A  recoil  can  have  no  tendency  whatever , 
to  render  the  length  of  the  V, ibrations ,  more  or  lefs 
equal ;  nor  to  maintain  the  motion  *. 

238.  It  is  well  known  that  any  increafe  in  the 
power  of  gravity,  accelerates  the  motion  of  a 
Pendulum,  and  fhortens  its  time  of  Vibration  ; 
and  that  the  times  of  afcent  and  defcent ,  are 
equally  contracted  by  this  increafe  of  gravity 
(17).  Hence  we  may  with  truth  infer,  that 
whatever  oppojes  the  afcent  of  a  Pendulum ,  mor- 
tens  its  time  of  Vibration  as  much  as  if  it  had 
promoted  the  defcent.  Therefore,  any  power  that 
both  oppofes  the  afcent,  and  promotes  the  defcent 


*  The  effedb  of  fridtion  on  the  pallets  will  be  confidered  fully 
hereafter,  and  fhev/n  to  be  very  hurtful  to  the  performance,  even 
though  it  has  a  tendency  to  preferve  the  Vibrations  more  nearly 
of  an  equal  length. 
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of  a  Pendulum  ;  mu  ft  produce  a  double  effect 
on  its  times  of  V ibration  *. 

239.  And  thus  it  appears  that  any  change, 
in  the  addon  of  the  Wheels,  during  the  time  of 
recoil ,  will  have  a  double  effedt  in  altering  the 
natural  times  of  Vibration  (238),  without  the 
leajl  tendency  to  render  the  length  thereof  more 
equal  (237)f. 

240.  If  a  certain  imprefled  force,  give  a  cer¬ 
tain  velocity,  a  double  force,  will  give  a  double 
velocity  ;  a  triple  force,  a  triple  velocity,  &c.  and 
the  fpaces  defcribed  in  equal  times,  will  be  as  the 
refpeddve  velocities  :  that  is,  as  the  relpedlive 
forces  imprefled. 

241.  Thus  if  the  imprejfed  force  and  velocity 
of  a  Pendulum  be  doubled,  and  the  length  oi  Vi- 

*  Here  it  is  to  be  obferved  ;  that  any  power  co-operating  with 
gravity,  contrads  *,  and  the  fame  power  oppofed  to  it,  prolongs, 
the  times  of  Vibration.  Hence  whatever  power,  ads  during 
the  time  of  afeent,  and  promotes  it  or  oppoles  the  defeent,  will 
prolong  the  times  *,  and  this  fhould  be  carefully  attended  to  :  for 
on  this  principle,  the  maintaining  power  may  be  applied,  in 
fuch  manner  as  either  to  prolong  or  contrad  the  natural  times  of 
Vibration. 

-f  If  it  fhould  be  urged  that  the  recoil  may  render  the  times  of 
Vibrations  of  different  lengths  more  ifochronal,  without  having 
any  tendency  to  limit  their  lengths  ;  the  mode  and  quantity  of 
recoil  fhould  be  invefligated  with  as  great  accuracy  as  the  cy¬ 
cloidal  properties  ;  in  which  cafe  it  will  altogether  be  unneceffary 
and  improper  to  apply  the  cycloidal  cheeks  •,  nor  can  fuch  an  in- 
yeftigation  as  above  mentioned,  be  made,  before  each  feparate 
effed  that  the  application  of  a  Clock  has  on  the  Pendulum,  are 
accurately  afcertained  ;  and  even  then,  it  is  liable  to  all  the 
fame  objedions  with  the  cycloidal  Vibrations  j  of  which  in  their 
place* 
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bration  remains  the  fame,  the  number  of  Vi-  °F  A  RE=0It  IN 

brations  will  be  doubled  ;  but  it  the  length  or  1 — - J 

Vibrations  be  alfo  doubled ,  they  will  be  perform¬ 
ed  in  the  fame  times,  as  thofe  of  half  their  length 
with  half  the  velocity  ;  and  univerfally  ;  if  the 
length  of  Vibration  increafes,  as  the  imprefled 
force,  the  times  will  be  equal ;  and  on  this  ac¬ 
count  it  would  be  very  improper  to  give  a  recoil , 
on  the  fuppolition  that  it  did  render  all  the  Vi¬ 
brations  more  nearly  of  an  equal  length  *. 

242.  It  may  poffibly  be  urged  by  fome,  that  Difference  in  the 
the  refiftance  is  greater  at  the  extremities  of  cy-  ^Tci^k-pend^’ 
cloidal ,  than  circular  Arcs  ;  and  therefore,  that  lums. 
no  error  can  arife  by  thus  increafing  the  refiftance 
at  the  extremities  of  Vibrations  in  circular  Arcs : 
but  let  me  beg  of  thofe  to  recoiled: ;  that  all  the 
demon fir  at  ions  concerning  cycloidal  Vibrations  ; 
fuppofe,  that  the  action  on  the  Pendulum  in  its 
defcent,  is  exactly  equal  to  the  oppofition  with 
which  it  meets  in  its  afcent  ;  which  is  not  the 
cafe  in  Clock-pendulums  ;  for  the  velocity  in 
their  defcent,  is  greater  than  in  their  afcent  : 
and  that  more,  or  lefs,  in  proportion  to  the 
length  of  Vibration  ;  even  beyond  what  happens 
in  detached  Pendulums. 


*  The  fame  objection,  with  many  others,  Hand  in  the  way 
of  correcting  the  length  of  Vibration,  by  an  increafe  of  friCtiorw 
See  (259,  260), 


243.  And 
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243.  And  though  certain  properties  have 
been  demonftrated  ot  the  cycloid  ;  it  does  not 
follow,  that  every  curve  that  deviates  from  a  circle 
pofleffes  thofe  properties,  even  when  gravity  alone 
a£ts  :  and  much  lefs,  when  any  foreign  power 
is  applied ;  therefore ,  the  cycloidal  properties  in 
detached  Pendulums  vibrating  in  a  non-refitting 
medium  ;  can  by  no  means  recommend  a  re¬ 
coil,  with  thole  applied  to  Clocks. 

244.  On  the  whole ,  we  may  be  well  ajfured , 
that  in  all  cafes  where  an  increafe  of  weight  or 
maintaining  power,  makes  a  Clock  go  falter  ; 
the  recoil  is  too  great :  nor  can  it  be  fuppofed, 
that  any,  who  have  art  enough  to  make  the  center 
of  of  dilation  of  a  Pendulum  defcribe  the  true  cy¬ 
cloidal  curve ,  and faith  enough  in  its  properties', 
would  think  of  giving  a  recoil,  to  corredt  thofe 
Vibrations  that  are  (by  their  theory)  already  per- 
fe&  from  which  appears  the  abfurdity  of  apply¬ 
ing  cycloidal  cheeks  with  a  recoil :  but  of  this 
more  hereafter. 


*  As  the  recoil  is  intended  to  co-operate  with  theadlion  of  gra¬ 
vity  on  the  Pendulum,  in  fuch  manner  as  to  render  its  motive 
force  in  every  part  of  the  Vibration,  as  the  diftance  from  the 
lowed;  point  j  the  mode  and  quantity  of  fuch  recoil  mud:  be  de- 
mondrated  with  the  fame  certainty,  at  lead:,  as  that  of  the  cy¬ 
cloid  :  and  I  imagine  that  this  will  be  much  more  difficult  than 
that  j  not  to  mention  the  much  greater  difficulties  of  execution 
in  the  latter,  and  the  uncertainty,  relative  to  the  theory  of  the 
former  when  applied  to  Clocks. 
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241;.  1  now  refume  the  confi deration  of  thofe 
pallets  wherein  the  friEiion  and  influences  of  the 
oil  have  been  removed  \  the  reader  will  pleafe  here 
to  perufe  from  Par.  (227  to  232). 

246.  Let  us  here  admit,  that  the  a  El  ion  of  the 
fwing  wheel  is  as  uniform  as  gravity  ;  it  has  at 
each  Vibration  not  only  to  maintain  the  motion  of 
the  Pendulum ,  but  alfo  to  bend  a  fmall  fpring 
(229)  ;  therefore,  whatever  power  is  neceflary 
to  bend  this  fpring,  muft  be  deduced  from  the 
maintaining  power  :  and  as  all  fprings  alter  their 
ftiffnefs  by  heat  and  cold ;  that  part  of  the  ac¬ 
tion  of  the  fwing  wheel,  that  maintains  the  Vi¬ 
bration,  can  no  longer  be  uniform,  than  the 
air  is  of  the  fame  temperature :  and  thus,  will  the 
length  of  Vibration  be  altered,  and  the  accelera¬ 
ting  ejfeEls  of  the  recoil  take  place  (2  39),  and  alter 
the  times  of  Vibration  :  even  luppoling  the  cy¬ 
cloidal  properties  perfect,  and  the  denflty  of  the 
air  invariable. 

2  47  .  Again  ;  becaufe  thofe  fprings  that  are  bent 
during  the  recoil  (231),  are  liable  to  the  lame 
changes ;  they  will  produce  the  fame  effeEl,  with 
an  equal  change  in  the  maintaining  power  during 
the  recoil  (239).  And, 

248.  However  trifling  thofe  articles  may  at 
firfl:  appear,  they  become  of  more  weight,  when 
we  conlider  ;  that  they  operate  in  that  very  part 
of  the  Clock  where  they  produce  the  greatefl  poj- 
fibh  effeEl ,  on  the  me  a  fare  of  time  ;  and  that 

K  thofe 
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thofe  Springs  are  fo  finally  as  to  be  affeSied  by  the 
leaf  changes  in  the  temperature  of  the  air  ;  nor 
can  thofe  effects  be  thoroughly  remedied  by  a 
gridiron ,  or  any  other  Pendulum,  fince  they 
feel  fuch  frnall  changes,  as  cannot  fenfibly  affedt 
fuch  thicker  pieces  of  metal  ;  add  to  this ,  that 
an  alteration  of  one  86,400  part  ©f  the  time  of 
each  Vibration,  will  amount  to  an  error  of  one 
fecond per  day  ;  a  604,800  part,  in  the  time  of 
Vibration,  to  a  fecond  per  week ;  and  a  2,592,000 
part,  to  an  error  of  one  fecond  per  month. 

249.  As  to  the  property  mentioned  in  Par. 
(226),  it  does  not  appear  to  me  that  any  advan¬ 
tage  is  gained  by  it  in  maintaining  the  motion 
of  a  Pendulum  :  See  Sir  Isaac  Newton’s  lid 
law  of  motion-)  where  he  fays,  u  If  any  force 
“  generates  a  motion,  a  double  force,  will  ge- 
<c  nerate  double  the  motion  ;  a  triple  force, 
“  triple  the  motion  ;  whether  that  force  be  im~ 
“  preffed  altogether  and  at  once,  or  gradually 
“  and  fuccefftvely ”  (237).  And  fo  far  as  regards 
the  meafure  of  time,  it  is  hurtful ;  as  will  ap¬ 
pear  hereafter.* 

250.  And  as  to  the  ifochronifm  of  the  Vi¬ 
bration,  when  the  dead-beat  is  applied  ;  I  fhall 
hereafter  fhew  in  what  cafes ,  it  is  beft  to  apply  the 


*  It  may  be  proper  however,  here  to  obferve,  that  this  method 
is  preferable  to  others,  wherein  the  recoil  (being  undetermined) 
may  bear  a  greater  proportion  to  the  angle  of  Vibration. 

i  main - 
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maintaining  power,  gradually  and  fuccefflvely  ;  Pallets  with- 
and  in  which ,  it  may  more  advantageoufly  be 
applied  nearly  at  once  ;  leaving  thofe  who  better 
conceive  the  advantages  of  a  recoil  to  give  a  like 
inveftigation  when  it  is  ufed. 

251.  I  Would  not  be  Underftood  tO  depreciate,  General  remarks 

or  totally  dif approve  this  ingenious  invention  :  tages'&c? dVMl' 
or  to  aflert,  that  no  good  performance  can  be 
obtained  when  thefe  pallets  are  applied  ;  on  the 
contrary,  I  think  them  preferable  to  any  that  I 
have  yet  feen  wherein  the  influence  of  the  oil  takes 
place  ;  but  a  proper  regard  mu  ft  here  be  paid  to 
what  has  been  faid  concerning  the  diminution  of 
the  influence  of  the  oil  ( 1 64) ;  for  whatever  be  the 
caufe  of  any  change  in  the  maintaining  power, 
the  effeB  on  the  meafure  of  time ,  will  be  (ccet. 
par.)  as  fuch  change ,  to  the  whole  power ;  this 
argues  for  great  maintaining  power  and  long  Vi¬ 
brations. 

252.  If  it  is  proved ;  that  the  ufe  of  fprings  inconveniences 
in  pallets,  renders  the  effeSl  of  the  mod:  perfect  poinfof  view .°nC 
maintaining  power  unequal  (246,  247)  ;  that  a 
recoil ,  increafes  the  effed  of  any  luch  change 
(239) ;  and  that  any  alteration  in  the  ftiffnefs  of 
thofe  fprings  that  aB  during  the  recoil ,  co¬ 
operates  with  the  adion  of  the  wheels  during 
fuch  recoil ,  in  altering  the  times  of  Vibration 
(247)  : 

253.  It  naturally  follows ;  that  however  fmall  ConcMon. 
the  effed  of  thofe  imperfections,  the  perfor- 

K.  2  mance 
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mance  of  Clocks  will  be  improved ,  by  totally  re¬ 
moving  them  (248). 

25+.  if  1  have  here  pointed  the  way,  to  fur¬ 
ther  improvement,  my  end  is  obtained  ;  and 
when  it  is  conlidered,  that  I  propofe  hereafter  to 
remove  every  imperfection  fo  far  as  the  nature 
of  things  will  permit  ;  and  confequently,  that 
every  difficulty  and  imperfection  that  I  now  men¬ 
tion,  do  in  that  cafe,  become  fo  many  weapons 
againft  me  ;  candour  will  allow,  that  no  other 
motive,  than  a  real  deffie  of  improvement  could 
have  induced  me  to  this  examination. 

255.  Having  pointed  out  the  difadvantages 
of  a  recoil,  and  obferved  that  the  dead-beat  was 
invented  to  remove  them,  it  may  be  thought  fu- 
perfluous  to  fay  any  thing  more  on  that  head  ; 
But, 

256.  As  the  imperfeElions  and  properties  of  all 
objeSls ,  become  the  more  obvious  of  being  viewed 
in  different  lights  ;  I  ffiall  now  endeavour  to  ffiew 
the  advantages  of  the  dead-beat,  in  a  manner 
different  from  what  I  have  hitherto  done;  by 
which  it  will  appear,  that  its  comparative  ad¬ 
vantages,  to  the  recoiling  principle,  are  greater 
than  I  have  hitherto  ftated  them. 

257.  When  a  Pendulum  is  actuated  by  the 
power  of  gravity  only ,  it  rifes  to  the  fame  height 
from  whence  it  fell  ;  allowing  for  the  refinances 
of  the  air ,  &c.  Therefore,  if  the  aCtion  of  the 

-Wheels  in  the  def cent  of  a  Pendulum  be  equal  to 

the 
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the  reliftances  in  the  defcent  and  afcent  together  : 
the  former  will  at  each  Vibration,  communicate 
as  much  motion  as  the  latter  deftroys. 

258.  And  the  velocity  and  length  of  Vibra¬ 
tion,  will  continue  uniformly  the  fame  while  this 
equilibrium  is  preferved.  But, 

2^9.  If  the  maintaining  power  be  any  how  in- 
creafed  or  diminifhed ,  fo  will  the  Vibration  ;  till 
the  refinances  of  the  air,  &c.  equal  the  maintain¬ 
ing  power  ;  and  the  velocity  of  the  defcent ,  will 
increafe  with  the  power  (257)*.  T herefore, 

260.  The  delcents  in  the  longer  Vibrations, 
will  be  comparatively  quicker  than  thofe  of  the 
fhorter  (240),  in  this  cafe,  than  in  detached  Pen¬ 
dulums  T. 

261.  And  fince  the  Pendulum  in  its  afcent  is 
not  any  how  connected  with  the  addon  of  the 
Wheels  (1 as  with  a  recoil)  it  will  afcend  agreeable 
to  the  laws  of  detached  Pendulums  ;  in  which 
cafe,  Mr.  Hugens  has  demonftrated  that  29  of 
the  longeft  Vibrations,  are  equal  in  time,  to  34 
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further  CONS  I 

DERED. 

k - - i 

Vibrations  con¬ 
tinue  equal,  &c. 


Increafe,  &c.  as 
the  maintaining 

power. 

As  does  the  velo¬ 
city  of  defcent,— 


Defcents  quicker 
than  the  afcents  in 
Clock-pendulums. 


Time  of  afcent  in 
them,  the  fame  as 
in  detached  ones* 
c*et.  par»- 


*  But  if  v/e  fuppofe  the  maintaining  power  applied  in  the  time 
of  afcent  of  the  Pendulum  ;  it  leaves  room  for  fome  excep¬ 
tions.  But  as  thole  matters  are  fully  explained  where  I  treat 
of  watch  pallets,  I  leave  the  application  here  as  no  improper 
exerciie  for  the  reader’s  genius  and  attention  \  as  fufficient 
data  are  already  furnifhed  for  the  inveftigation. 

“f  Phis,  among  many  other  circumftances,  is  entirely  over¬ 
looked  when  cycloidal  cheeks  are  applied, 

-  ;  of 


JO 

Dead-beat. 


The  alteration  in 
the  time  of  a  whole 
Vibration  lefs, than 
in  detached  pendu^ 
lums. 


Dead-beat  dimi- 
nifhes  the  effe<ft  of 
any  change,  & c. 


IMPROVEMENT  OF 

of  the  fhorteft,  of  the  fame  Pendulum,  indepen¬ 
dent  of  the  refinance  of  the  air  *. 

262.  Now  fince  in  Clocks  with  a  dead-beat, 
the  defcent  is  quicker  (260),  and  the  afcent  is  fower 
(19)  in  the  longer  than  on  the  fhorter  Vibrations  ; 
the  alterations  in  the  time  of  an  afcent  and  de¬ 
fcent:-  taken  together,  will  bear  a  lefs  proportion 
to  the  change  in  the  length  of  Vibration,  than 
in  detached  Pendulums ;  where  the  times  of 
afcent  and  defcent  increafe  or  diminifh  together  f  . 

263.  And  thus,  does  the  dead-beat  diminifh 
the  natural  effeB  of  any  change  that  may  happen 
in  the  length  of  circular  Vibrations ;  whether  oc- 
cafloned  by  an  alteration  in  the  moving  power, 
or  in  the  denflty  of  the  air  : 

264.  In  all  that  has  been  faid  (from  Par.  233) 
neither  friSlion ,  nor  the  influences  of  the  oil,  are 
fuppofed  in  the  leaf!  degree  to  take  place  ;  and 
therefore,  the  lefs  they  do,  the  better  will  the 
theory  and  practice  agree  ;  I  have  already  fhewn 
(184),  that  in  pallets  where  the  influence  of  the 
oil  takes  place,  fuch  influence  is  increafed  by 
increaflng  the  time  of  reft. 


*  It  may  here  probably  be  faid,  that  in  pallets  where  friction 
takes  place  ;  the  natural  times  of  Vibration,  (during  the  reft  of 
thewheel)  will  be  influenced  thereby  ;  but  we  muft  not  forget, that 
fuch  fri£tion,  oppofes  both  afcent  and  defcent  equally  and  thence 
corrects  itfelf  (238)  ^  fo  far  as  uniform  friftion  only,  is  conftdered. 

f  On  this  account,  the  cycloidal  curve  as  hitherto  inveftigated 
cannot  have  the  defired  effeft  on  Clock-pendulums  :  with,  or 
without,  a  recoil. 

265.  And 
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265.  And  alfo  (185)  that  the  flope,  or  place  ,  Deab-beat^ 
of  ad  ion  in  fuch  pallets,  fhould,  as  nearly  as  can  Maintaining 
be,  fubtend  the  whole  angle  of  Vibration  ;  which  p^!dfradua1!y 
implies ,  that  the  maintaining  power  fhould  be 

applied  gradually  and  fuccefflvely ,  and  this  may 
ferve  as  a  general  rule ,  in  all  pallets  'where  oil  is 
ufed  *. 

266.  But  the  contrary  fhould  be  obferved,  of  Applied  at  once. 
fuch  pallets  as  have  neither  friBion  nor  influence  of 

the  oil)  during  the  time  of  refl  ;  for  by  this  means, 
the  influences  of  the  oil,  during  the  time  of  aSliony 
will  be  diminifhed  f . 

267.  Where  the  maintaining  power  is  perfect-  ^ytbeappIied  ** 

of  the  eu  erway‘ 

— — - —  - - —  - -"■■■—  *— 1 -  ■-  —  "■ 

*  I  fhall  fhew  hereafter,  that  when  the  influence  of  the  oil 
on  the  pallets  is  removed  ;  the  effedt  of  any  alteration  in  the 
maintaining  power,  on  the  meafure  of  time,  will  be  ( c,  p.)  as 
the  time  of  adtion  on  the  pallets  to  the  whole  time  of  Vibration  5 
but  this  will  not  apply  where  oil  is  ufed  to  the  pallets. 

t  In  all  pallets  where  the  adtion  of  the  Wheel  is  fufpended  du¬ 
ring  part  of  the  time  of  Vibration  ;  and  where  the  maintaining 
power  is  not  perfedlly  invariable  ;  the  performance  will  be  im¬ 
proved  by  applying  the  adtion  of  the  Wheel,  in  fuch  manner 
that  one  half  its  exertion  take  place  in  the  defcent,  and  the 
other  in  the  afcent  of  the  Pendulum  ;  for  without  particu¬ 
lar  regard  to  this,  the  Vibrations  of  Clock-pendulums,  whe¬ 
ther  circular  or  cycloidal,  can  never  have  their  natural  proper¬ 
ties  (238).  This  matter  will  be  fully  explained  and  exemplified, 
when  I  treat  of  Watch  pallets,  (where  a  Itridt  attention  to  it, 
becomes  more  neceffary) ;  only  obferving,  that  what  is  there  faid 
of  the  adtion  of  the  ballance-fpring,  is  here  to  be  applied  to  the 
adtion  of  gravity  on  the  Pendulum.  It  will  alfo  appear  why  it 
is  more  advantageous  to  apply  the  adtion  of  the  Wheels  to  the 
Pendulum  in  its  afcent  than  defcent, 

Pendu- 


ly  invariable,  and  where  the  ifochronifm 
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Pendulum  is  neither  influenced  by  fridfloit  nor 
Y  the  changes  in  the  oil ;  it  matters  not,  whether  it 

he  applied  all  at  once ,  or  gradually  ;  I  do  not 
here  mean,  that  in  fuch  cafe,  the  manner  of 
applying  the  maintaining  power  will  not  alter 
the  whole  time  or  each  Vibration ;  nor  do  I  pay 
any  regard  to  fuch  effedf,  provided  it  be  uniformly 
the  fame  in  each  fucceeding  one  :  for  fuch  uniform 
effeEi-,  is  corrected  by  the  length  of  the  Pendulum. 

268.  It  may  probably  be  alledged,  that  more 
is  here  advanced  in  favour  of  the  dead-beat, 
than  agrees  with  the  general  comparative  obfer- 
vations  on  the  performance  of  Clocks  conftrudted 
on  the  principles  of  the  dead-beat  and  recoil  i 
„  , .  but  whoever  recolleEls  what  has  been  faid,  con- 

No  fair  cotnpara-  .  .  ..  ;/■  \  1  1  r 

tive  trial  yet  made  cermng  the  maintaining  power  (104J,  Length  oj 

ai'dhrecoiat'beat  Vibration  (41),  and  length  of  pallets  (189) ;  will 

probably  agree  with  me,  that  no  fair  compara¬ 
tive  trial  has  yet  been  made  of  the  principles  of  the 
recoil  and  dead-beat. 


Maintaining 
power  greater  with 
the  recoil  than 
the  dead-beat. 


Vibration  longer 
with  the  recoil. 


Recoiling  pallets 
Ihortar,  &c. 


269.  Is  not  the  maintaining  power  always 
much  greater  in  common  Clocks  with  recoiling  pal¬ 
lets,  than  in  the finefi  regulators  witha  dead-beat  ? 
frequently  as  3,  4,  or  5  to  1  ? 

270.  Is  not  the  Vibration  always  much  longer 
in  thofe  common  Clocks ;  than  in  thefe  conftrud- 
ed  with  the  dead-beat  f  And 

271.  Are  not  the  pallets  always  much  longer 
with  the  dead-beat  than  the  recoil  f  all  which, 

ARTICLES  OF  THE  GREATEST  IMPORTANCE,  have 

hitherto 
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hitherto  (it  would  appear)  been  accidental  conco-  ,Dead-beat. 
mitants  of  the  recoiling  pallets  ;  and  every  advan¬ 
tage  ariixng  from  them,  been  imputed  to  the  re¬ 
coil  ?  whereas,  all  the  imperfections  arifing  from 
a  contrary  praBice  have  as  erroneoufly  being  im¬ 
puted  to  the  dead-beat.  Thus  it  appears ;  that, 

272.  No  comparative  trial  can  be  decifive,  in  what  cafes  the 

unlefs  where  the  maintaining  power ,  length  of  V i-  deadbeat  w'liibe- 
bration  and  pallets ,  are  equal  in  each  Clock  *:  in  comeevident. 

which  cafe,  the  fuperiority  of  the  dead-beat ,  will 
become  evident :  And 

273.  If  the  greater  number,  and  moil  emi¬ 
nent  of  the  profeffion,  have  ufed  longer  pal¬ 
lets  with  the  dead-beat,  than  the  recoil,  they 
can  beft  affign  reafons  for  fo  doing ;  for  none 
occur  to  me  :  nor  does,  the  propriety  of  imitat¬ 
ing  precedents,  in  which  neither  theory  nor  prac¬ 
tice  feem  to  promife  any  real  improvement. 

274.  From  all  that  has  been  said  relative 
to  pallets,  the  following  general  rules  may  be 
collected. 

That  the  recoil  in  pallets ,  increafes  the  effeB  of  Recapitula- 
any  change  that  may  happen  in  the  maintaining  X0N’ 
power ;  whether  friBHon  and  the  influence  of  the 
oil,  do  ;  or  do  not  ,  take  place  (238). 

That  this  effeB,  always  increafes  as  twice  the 
recoil  (238). 


*  As  rcprefented  in  Plate  3.  Fig  2. 

L 


That 


\ 
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That  the  friBion  and  influences  of  the  oil ,  do 
alfo  increafe  (cast,  par.)  as  twice  the  recoil  (178); 
and  confequently , 

That  it  is  advantageous  in  all  cafes  to  diminifh 
the  recoil  as  ?nuch  as  pofflble. 

That  the  dead-beat  diminifhes  the  alteration 
that  would  naturally  happen  in  the  time  of  Vi¬ 
bration  of  a  detached  Pendulum ,  from  any  change 
in  the  length  of  fuch  Vibration  (262). 

That  the  influence  of  the  oil  and  friBion ,  is 
always  lefs  on  the  dead-beat ,  than  on  the  recoil ; 
all  other  circumflances  being  alike  (1 81). 

That  the  recoil  can  have  no  tendency  to  keep  the 
Vibrations  of  more  equal  length  (237).  There¬ 
fore, 

That  in  all  cafes  whatfoever ,  the  dead-beat 
is  preferable  to  the  recoil  ;  And  that 

"The  ufe  of  fprings  in  pallets ,  tend  to  vary  the 
maintaining  power  (246)  ;  and  alfo ,  have  the 
effeB  of  a  recoil  (247);  and  therefore ,  never  to 
be  admitted. 

275.  Having  thus  {hewn  ;  that  the  dead-beat 
diminifhes  the  natural  effeB  of  any  change  in  the 
length  of  Vibration  ;  when  neither  friBion ,  nor 
the  influence  of  oil  take  place  during  the  time  of 
refl  :  I  now  come  to  {hew  the  manner  of  con¬ 
tracting  pallets,  wherein  the  practice  will  agree 
with  the  theory  :  and  as  a  fuperficial  view  of 
thofe  matters,  may  leave  fome  doubt,  whether 
a  diminution  of  fridtion  on  the  pallets,  may  not  be 

hurtful 


i 
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hurtful  to  the  performance :  that  matter  (hall  be  Pal“0tvseidm' 

confidered  in  the  notes*.  1 - v - * 

276.  Plate  4.  reprefen ts  the  conftrudtion  of  New  Pallets, 
fuch  pallets ;  Fig.  1 .  is  a  front  view  of  the  pal¬ 
lets  and  the  fwing  'wheel :  the  pallets  A,  B,  C, 
have  their  planes  of  addon,  conftrudted  as  in  com¬ 
mon  pallets  :  (See  Plates  2d  and  3d)  ;  they  are 
fcrewed  to  a  hollow  brafs  cylinder  O  P,  which 
ferves  as  a  verge  or  axis,  and  moves  on  two  fmall 
pivots  as  common  verges  do  :  to  one  end  of  the  PLATE  iv. 
cylinder,  is  fcrewed,  the  crutch  F,  Fig.  2.  by  hc,J’ 
means  of  which,  the  pallets  A  and  C,  commu¬ 
nicate  motion  to  the  Pendulum. 

277.  d  d 


*  There  are  two  means,  by  which  the  length  of  Vibration  in 
Clocks  may  be  altered,  independent  of  the  denfity  of  the  air : 
and  the  effect  which  the  fridtionon  the  pallets  will  haveon  the  per¬ 
formance,  will  in  fome  meafure  depend,  on  which  caufe,  affe<5ts„ 
Firft,  The  length  of  Vibration  may  be  altered  in  Clocks,  by 
altering  the  weight  that  maintains  the  motion  *,  and  in  this  cafe, 
the  fri&on  (or  total  refiftance)  on  the  pallets,  c.  p.  increafes,  as 
the  angle  of  Vibration  :  on  which  account  the  length  of  Vibra¬ 
tion,  will  not  bear  fo  great  a  proportion  to  the  weight  applied,  as 
if  no  fuch  fridtion  took  place.  But  admitting,  that  the  friction, 
in  fuch  cafe,  does  diminifh  the  effedt  of  any  alteration  in  the 
maintaining  power  :  as  an  alteration  of  the  above  kind,  can  never 
happen  by  accident :  and  as  every  fuch  increafe  of  the  maintain¬ 
ing  power,  muff  be  made  with  intent  to  enlarge  the  Vibration, 
it  follows :  that  the  fridtion  on  the  pallets  muff,  in  fuch  cafe,  be 
hurtful,  -  as  tending  to  diminifh  the  defired  effefl. 

Secondly,  admitting  the  weight  that  is  applied  to  a  Clock,  to 
remain  invariably  the  fame,  its  effedt  in  lengthening  the  Vibra¬ 
tion,  will  be  increafed  or  diminifhed  according  to  the  fluidity,  &c. 
of  the  oil ;  which  is  conftantly  fludtuating,  according  to  the  de- 

L  2  greet 
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277.  d  d  and  e  e,  are  detents,  that  move 
concentric  to  the  hrafs  cylinder ,  on  fmall  axles 
within  the  cavity  thereof  ,  (See  Fig.  2.)  and  fufpend 
the  Wheel  fo  as  to  allow  the  Pendulum  to  move 
without  friction,  or  influence  of  the  oil,  on 
either  pallets  or  pivots  during  the  whole  time  of 
reft. 

278.  Thus ",  when  the  tooth  i,  efcapesthe  pal¬ 
let  A,  the  tooth  k,  drops  on  the  detent  e,  and  is 

fufpended, 


gree  of  heat  and  cold  to  which  it  is  expofed.  And  the  effect  of 
the  oil  applied  to  the  pallets,  in  lengthening  and  fhortening  the 
Vibrations,  has  already  been  fhewn  to  bear,  to  that,  on  all  the 
pivots,  at  a  mean  ;  the  proportion  of  Bo,  to  i,  (176).  There¬ 
fore  it  appears  ;  that  in  this  cafe,  by  removing  the  fridlion,  and 
the  influences  of  the  oil  on  the  pallets,  we  diminilh  the  altera¬ 
tions  that  are  fo  frequently  occafioned  in  the  length  of  Vibra¬ 
tion,  by  the  influences  of  heat  and  cold  on  the  oil,  to  one 
eightieth  of  what  they  are,  where  fridlion  takes  place  :  and  this 
becomes  the  more  deferving  of  attention,  that  there  feems  no 
other  means  of  removing  this  evil. 

It  is  alfo  to  be  remembered  :  that  as  this  fridlion  on  the  pallets 
diminifhes  the  effedl  of  the  maintaining  power,  in  enlarging  the 
Vibration  (whether  long  or  fhort)  it  mult,  on  that  account  alfo, 
be  hurtful  to  the  performance  (41,  46,  47).  Add  to  this  ;  that 
it  tends  to  corredl  fuch  alterations,  as  happen  in  the  length  of  Vi¬ 
bration,  owing  to  the  different  denfities  of  the  air,  more  than  it 
does  thofe  ariflng  from  any  other  caufe  whatever ;  and  this  is 
hurtful  to  the  meafure  of  time,  as  fhall  be  fhewn  hereafter ;  when 
the  different  means,  by  which  any  alteration  in  the  denfity  of  the 
air  doaffecl  the  times  of  Vibration,  are  confldered.  From  each, 
and  all,  of  the  above  confiderations  it  appears  ;  That  the  fridlion 
on  Clock-palkts  can  in  no  refpedt  mend  the  performance  of 
Clocks  but  on  the  contrary,  does  by  its  unavoidable  confe- 
q-uences,  give  rife  to  fome  of  the  greatefl:  caufes  of  error,  that 
take  place  in  Clocks  *,  and  thofe,  incurable  by  any  other  means 
than  the  remo  val  of  fuch  fridlion  on  the  pallets  ( 1 55). 
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fufpended,  while  the  pallet  C,  proceeds  towards 
(n)  the  bottom  of  the  tooth,  and  returns,  (in  the 
direction  of  the  dotted  Arc)  ;  joins  itfelf  to  the 
detent  ;  difplaces  it  ;  and  thus  receives  the  tooth 
k  on  the  plane  of  action  ;  and  fo,  maintains  the 
motion  of  the  Pendulum  ;  and  when  the  tooth  k 
has  efcaped  the  pallet,  C,  the  tooth  m,  will  drop 
on  the  detent  d,  &c. 

279.  Fig.  2.  is  a  fedfion  of  the  hollow  cylin¬ 
der  ;  (along  the  line  g  h)  and  reprefents  the  pal¬ 
lets,  crutch,  and  axles  of  the  detents. 

280.  Fig.  3.  a  view  of  part  of  the  cylinder, 
pallets,  and  detents  (in  the  direSiion  of  the  line  g  h, 
Fig.  1  and  2.)  and  fhows  how  the  detents  are 
brought  into  the  fame- plane  of  adtion  with  the 
pallets. 

281.  Fig.  4.  fhows  how  the  planes  of  adtion 
A  and  C,  are  fcrewed  to  the  pallets  :  the  fmall 
hole  in  the  ftalk,  ferves  to  fcrew  and  unfcrew 
them. 

282.  Fig.  5.  reprefents  part  of  a  Wheel  that 
will  admit  of  Vibrations  of  any  length. 

283.  Fig.  6.  Sedtion  of  ditto  at  the  line,  a  b  : 
N.  B.  In  all  thofe  figures,  the  fame  letters  refer  to 
the  fame  pieces . 

284.  The  detents  fhould  be  fitted  very  clofe- 
ly  to  the  pallets,  but  the  contaEl  feould  not  be  very 
extenfve ,  left  the  eftedts  o;  cohefive  attraElmz 
become  fenfible  j  And, 

285.  The 
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Attra&ion  to  be 
guarded  againli? 
&c. 
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285.  The  greateft  care  is  to  be  taken,  tha* 
neither  detents  nor  pallets  have  any  degree  ot 
magnitifm .  And 

286.  Thus  may  the  friction  and  influences  of 
the  oil,  during  the  time  of  reft  of  the  fwing 
wheel,  be  removed  ;  without  any  of  the  dif ad¬ 
vantages  that  attend  the  application  of  fprings *. 

287.  But  though  this  conJlruElion  of  pallets , 
does  much  enlarge  the  Vibration ,  and  diminifh, 
the  natural  e fleet,  which  any  alteration  in  the 
length  of  Vibration  would  have  on  the  meafure 
of  time  in  a  detached  Pendulum  (263)  ;  as  well 
as  remove  —  of  the  influence  of  the  oil  on  the 

4  o 

Clock  (174);  it  cannot  be  faid  totally  to  remove, 
the  effect  of  every  imperfection  of  the  move¬ 
ment.  Therefore, 

288.  I  fhall  next  deferibe  a  conJlruElion  of 
pallets ,  that  not  only  removes  the  friction  and 
influences  of  the  oil,  during  the  time  of  reft  ; 
but  alfo  during  the  motion,  of  the  fwing  wheel  ; 
fo  far  as  they  can  any  how  influence  the  Vibrations 


4 


*  Such  pallets  I  finifhed  in  the  year  1 763,  for  a  Clock  which  I 
had  the  honour  of  making  for  the  King  ;  for  journalizing  all  the 
changes  that  happen  in  the  height  of  the  Mercury  in  the  Barometer. 
Which  it  does  in  fuch  manner,  that  a  perfon  who  has  not  feen  a 
Barometer  for  the  whole  year,  may  by  infpedting  its  Dial,  know 
with  the  greateft  eafe  and  certainty,  not  only  what  changes  have 
happened  in  any  particular  day  of  that  year  ;  but  alfo,  every  one 
change  that  exceeds  the  100  of  an  inch,  which  happens  in  the 
whole  year  ;  with  the  day  and  hour,  as  well  as,  the  particular 
jmanner  in  which  each,  did  happen. 
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of  the  Pendulum  :  thefe  pallets,  do  alfo  correct  PapeE™dim* 

all  the  irregularities  of  adtion  in  the  main  fpring ,  <■ - v - » 

wheels  and  pinions  ;  or  any  other  irregularity 
that  can  pofftbly  happen  in  the  movement,  from 
any  caufe  whatever  :  though  the  caufes  of  fuch 
irregularities  fhould  altogether  efcape  the  atten¬ 
tion  of  the  artificer.  fi  |  1 

289.  Plate  5.  reprefents  fuch  a  pair  of  pal-  plate  v. 
lets,  and  the  fwing  wheel ;  where, 

A,  B,  C,  is  the  wheel, 

D  E,  the  pallets, 

H  I,  two  fmall  weights  that  are  fixed  on  the  plate  vr. 
fame  axles  with  the  pallets,  one  to  each ; 

F  G,  the  detents,  which  are  firmly  attached 
to  each  other,  as  well  as  to  the  crutch ;  by  means 

of, 

P  P,  a  hollow  cylinder  of  brafs,  which  ferves 
as  an  axi  s  to  the  detents ;  and  to  which  they  are 
fcrewed  :  as  well  as ;  L,  the  crutch,  which  only 
ferves  to  unlock  the  detents. 

M,  a  weight  that  exadtly  ballances  the  detents, 
and  crutch,  by  means  of  which,  they  retain  any 
pofition  ‘  that  is  given  them ;  n,  o,  are  pins  at¬ 
tached  to  the  Pendulum ,  (See  Plate  7.)  and  by 
means  of  which,  the  balls  I  and  H,  do  by  their 
gravity,  maintain  its  motion. 

290.  Plate  6.  Fig.  1.  reprefents  thefe  pallets 
&c.  in  the  dire&ion  of  M  L  :  and  alfo  anfwers 
to  the  above  defcription. 


Fig.  2, 


8o. 
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Fig.  2.  a  feddion  of  the  hollow  cylinder  P  P, 
at  right  angles  to  its  axis  ;  reprefenting  the  front 
of  the  collar  to  which  the  detents,  or  crutch,  are 
fcrewed. 

2  9  r .  All  the  other  figures  of  this  Plate,  re- 
prefent  feparately,  the  pieces  belonging  to  thofe 
pallets ;  and  are  lettered  the  lame,  as  in  the  fore¬ 
going  defcription  ;  except  W  W  the  axles  of  the 
pallets  ;  And  . 

292.  Z,  a  fection  of  thofe  pieces  that  are  fit¬ 
ted  into  the  ends  of  the  brafs  cylinder,  and  in 
which  the  pivots  of  the  axles  V/  W  move  ;  the 
fmall  hole  that  is  next  the  pivot  ferves  occa- 
fionally  to  take  this  piece,  out  of  the  cylinder  (into 
which  it  muft  be  very  truly  fitted  ;)  the  other 
two  holes  are  for  pinning  it,  in  its  place  ;  the  fmall 
pieces  D,  F,  G,  E,  (under  Fig.  2.  Plate  6.)  are 
fide  views  of  the  lower  ends  of  the  pallets  and 
detents  that  are  marked  with  the  fame  letters. 

293.  Plate  7.  Fig.  1.  is  a  front  view,  of  the 
wheel,  pallets,  detents,  and  upper  parts  of  the 
Pendulum  ;  the  parts  of  which  that  have  been 
defcribed  in  the  former  Plates,  are  here  marked 
with  the  fame  letters,  nor  do  the  pallets  reprefent- 
ed  in  this  Plate,  differ  from  thofe  in  Plates  5  and 
6.  in  any  other  refped,  than  that  in  thofe,  the 
pallets  are  placed  over  the  wheel  ;  and  in  thefe 
under  it.  1 

294.  Fig.  2.  Plate  7.  is  a  fide  view  of  Fig.  r. 
where,  V’s,  reprefent  part  of  the  Clock-frame,  S’s 

‘  4  upper 
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upper  part  of  the  Pendulum  ;  to  the  lower  end  of  Papl“vt7sdim‘ 

which,  the  other  part  is  attached  b y  means  of  a  ^  . . — J 

fcrew,  in  fuch  manner  that  each  of  the  fprings 
T  T,  fhall  bear  half  its  weight. — Q,  R,  are  two 
fcrews  that  move  with  the  Pendulum,  and  by- 
means  of  which,  the  detents  F  and  G  are  alter¬ 
nately  unlocked  when  the  Pendulum  comes  to 
the  extremity  of  its  Vibration. 

The  Operation  of  thofe  Pallets. 

295.  Let  us  fir  ft  conceive  the  Pendulum  at 
reft ;  and  that  the  pallets,  detents,  crutch,  and 
pins  n,  o,  remain  in  the  pofttions  in  which  they 
are  reprefented  in  Plates  5.  and  7. 

296.  If  the  Pendulum  be  moved  towards  the 
detent  F,  Plate  7.  the  pin,  n,  will  rife  towards 
the  arm  that  fupports  the  little  weight  H  ;  and 
tire  fcrew  R,  muft  be  fo  adjufted,  that  it  will 
unlock  the  detent  F  ;  and  allow  the  Wheel  to 

advance  at  the  fame  inftant  that  the  pin,  n,  feels  he‘r  op€ratlon‘ 
the  weight  H  :  in  which  cafe,  the  pallet  D,  will 
be  dilengaged  from  the  tooth  A,  and  the  weight 
H  allowed  to  defcend  with,  and  prefs  upon  the 
pin,  n ;  and  by  this  means,  maintain  the  motion 
of  the  Pendulum. 

297.  Nofooner  does  the  Pendulum  begin  its 
motion  toward  F,  than  the  pin,  o,  is  relieved  from 
the  weight  I  ;  for  the  pallet  E,  refts  againft  the 
tooth,  C,  and  prevents  the  further  defcent  of  I ; 

M  and 
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and  thus,  the  aCtion  of  the  pallet  E  on  the  wheel, 
diminifhes  its  preflure  on  the  detent  F,  fo  as  to 
allow  it  unlock  with  the  greater  eafe ,  which 
done  ;  the  wheel  advances,  and  by  its  action  on 
the  pallet  E,  continues  to  raife  the  weight  I  till 
the  detent  G  flops  its  motion. 

298.  And,  when  the  tooth  C,  comes  to  reft 
on  the  detent  G,  the  weight  I,  will  remain  at 
reft  till  the  Pendulum  comes  to  the  extremity  of 
its  Vibration  towards  G  ;  when  the  pin  o,  will 
feel  the  weight  I,  and  the  fcrew  Q^unlock  the 
detent  G,  and  allow  the  fmall  weight  I,  to  de- 
fcend  with,  and  prefs  upon  the  pin  o,  and  by 
that  means,  promote  the  defcent  of  the  Pendu¬ 
lum  ;  mean  time  that  the  wheel  raifes  the  weight 
H,  for  promoting  the  following  defcent. 

299.  Thus  are  the  Vibrations  of  the  Pendu¬ 
lum  conftantly  maintained,  by  the  alternate  de¬ 
fcent  of  the  little  weights  H  and  I ;  and  fince 
thofe  weights ,  begin  each  defcent  from  abfolute  refi 
(298);  it  follows ;  that  the  power,  or  velocity 
with  which  they  are  railed,  can  by  no  means  in¬ 
fluence  the  efleSl  of  their  defcent ;  And  therefore, 

300.  However  great  the  irregularities  of  ac¬ 
tion,  in  the  main  fpring ,  wheels  and  pinions ,  &c. 
whether  arifing  from  the  influences  of  heat  and 
cold  on  the  metals ,  oil,  or  fr  iff  ion,  &c.  if  there 
remain  power,  fufficient  to  raife  the  weights  H 
and  I  ;  the  maintaining  power  of  the  Pendulum, 
will  be  as  invariable  as  the  natural  affion  of  gra- 

4  vity ; 
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vity  :  and  by  that  means,  all  the  effeds  of  any  Pap™d™- 

imperfedion  in  the  movement,  of  whatever  kind,  ' - -v - ’ 

are  totally  avoided  *. 

1.  Nor  does  any  part  of  the  conflrudion  of  The, 

J  r  #  t  1  equals  the  tneory, 

thofe  pallets  tend  to  dimimfh  the  advantages 
thus  acquired  ;  which  inujl  be  the  cafe  wherever 
fprings  are  ufed  (274). 

102.  Though  I  have  hitherto  reprefented  the  Obfervation  reia- 
weights  H  and  I,  as  fmali  balls  lupported  by  weights, 
{lender  arms ;  I  here  take  notice,  that  they  fhould 
be  made  of  bars  of  fteel,  of  the  fame  fhape  and 
dimenlions  with  the  Pendulum  rod  ;  that  heat, 
and  cold,  may  equally  affed  them,  and  that  the 
fame  provifion  may  remove  their  influence  in 
.  both. 

303.  The  only  article  that  feems  wanting  of  The  only  imper- 

ip  7*7  •  t  1 1  «  1  rection,  iri  thole 

Mathematical  accuracy  in  thole  pallets,  is,  that  pallets,  can  have 

any  change  in  the  adion  of  the  wheels  may  tend  [he  meafifre^t 
to  alter  the  fridion  on  the  detents  ;  but  if  the  time, 
fame  precautions  are  here  ufed,  as  in  common 
Clocks,  having  pinions  of  eight ;  and  the  face  of 
the  detents  be  made  of  hardened  fteel  or  dia- 


*  Since  the  Arc  of  Vibration  increafes,  till  the  refiflance  of  the 
medium  is  in  each  Vibration  equal  to  the  maintaining  power 
(259) :  it  follows*,  xhatwithan  uniform  maintaining  power^  Vibrations 
performed  in  a  medium  of  uniform  denfity,  would  be  invariably 
of  the  fame  length ;  in  a  medium  of  fludtuating  denfity,  the 
lengths  of  the  Vibration  bear  an  inverfe  proportion  to  fuch  den¬ 
fity  :  and  that,  in  either  cafe  *,  the  total  reftftance  of  the  medium 
to  the  Pendulum  will  remain  uniformly  the  fame, 

M  2 


mond, 


$4  ' 

Pallets  im¬ 
proved. 

a  * 


Farther  ufe  of  this 
eonftrudiom 


improvement  of 

mond,  and  the  teeth  of  the  wheel  of  tempered 
fleel  ;  any  effedt  that  can  arife  from  this  caufe, 
can  by  no  means  become  perceptible  either  in 
the  length  of  Vibration,  or  meafure  of  time  (297). 
But, 

304.  I  avoid  faying  too  much  in  defence  of 
an  article  that  candour  will  fcarce  call  in  quef- 
tion ;  and  defpife  the  attacks  of  prejudice,  where 
I  have  it  in  my  power  to  give  experimental  proof 
of  my  afiertions  *  :  but  he  who  produces  a  more 
perfedt  conftrudtion  of  pallets,  is  fully  intitled  to 
find  fault  with  this ;  nor  fhall  I  be  backward  in 
making  my  publick  acknowledgments  to  him 
who  at  once  points  out  the  difeafe  and  its  cure ,  in 
any  part  of  this  theory. 

3°5-  It:  is  further  to  be  obferved,  that  by 
means  of  the  fcrews  and  R,  the  alterations 
that  any  change  in  the  denfity  of  the  air  will 


*  It  is  extremely  eafy  to  know  the  effed  that  any  accidental 
alteration  in  the  action  of  the  wheels,  could  have  on  the  meafure 
of  time  ;  with  fuch  pallets :  for  if  the  maintaining  power  be  de¬ 
signedly  altered  4-,  i,  tV,  or  fuch  alteration  will  produce  the 
fame  effed,  as  if  it  had  been  accidental  \  and  as  it  may  be  con¬ 
tinued  for  any  given  time,  and  its  whole  effed  be  accurately  ob¬ 
ferved,  we  may  with  great  certainty  from  fuch  effed  (if  it  be¬ 
comes  ferifible)  eftimate  the  effeds  of  fuch  fmaller  changes  as 
may  probably  happen  in  the  preffure  of  the  wheel  on  the  de¬ 
tents,  by  the  influences  of  the  oil  on  the  pivots. — The  refinance 
which  fuch  fridion  makes  to  the  Pendulum,  in  unlocking  the 
detents,  may  be  reduced  to  any  degree  at  pleafure,  by  rendering 
the  ball  M  fo  much  lighter  than  the  crutch  and  detents,  that 
their  excefs  of  weight  may  be  made  to  co-operate,  in  any  de^ 
g,ree  with  the  Pendulum,  in  unlocking  the  Wheel. 

1  produce 
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produce  in  the  length  of  Vibration  may  be  ac-  pApL,f®™  IM* 
curately  afcertained.  ' —  Y 

306.  I  make  no  farther  attempt  to  improve 
the  theory  of  Clock-movements  ;  but  now  pro¬ 
ceed  to  enquire  how  far  the  advantages  already 
acquired  may  yet  be  lofl  ;  and  what  are  the  mojl 
ejfeBual  means  of  prefer ving  them. 

307.  The  three  following  caufes  may  yet 
tend  to  alter  the  true  times  of  Vibration  in 
Clock-pendulums. 

Fir  ft,  Any  change  in  the  elajlicity ,  or  weight  of 
the  body  to  which  the  Pendulum  is  fufpended. 

Secondly,  The  influences  of  heat  and  cold  on  the 
Pendidum-rod.  And, 

Thirdly,  Any  alteration  in  the  aBion  of  gra¬ 
vity. 

308.  As  thole  caufes  tend  to  alter  the  times 
of  Vibration,  independent  of  any  imperfection 
in  the  movement ;  they  fhall  be  conlidered  fe- 
parately,  and  in  the  above  order. 

309.  When  the  CENTER  of  MOTION,  Or  POINT  Suspension:  ; 

of  suspension  of  a  Pendulum ,  is  conlidered  as 
a  fixed  point  \  its  center  or  gravity  will  defcribe 
a  true  Arc  of  a  circle,  whofe  radius  is,  the  dif- 
tance  of  the  center  of  gravity  from  the  point 
of  fufpenfion.  ■  . 

310.  But  if  the  point  of  fufpenfion  be  any 
how  at  liberty  to  change  its  place,  the  times  of 
Vibration  will  thereby  be  altered. 

31 1.  Example, 
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Of  the  Sus¬ 
pension,  &c. 


PLATE  VIII. 


3 1  r .  Example.  PLATE  VIII.  If  a  pendu¬ 
lous  body  B,  vibrate  round  an  immoveable  point 
A,  its  center  of  gravity  will  defcribe  a  perfeEl 
ylrc  of  a  circle  as  B  B  B,  whofe  radius  is  A  B; 
but  if  the  point  of  fufpenfion  moves  at  each  Vi¬ 
bration,  fuppofe  from  A,  to  a,  on  either  fi.de ; 
the  center  of  gravity  will  defcribe  a  different 
curve,  as  CBC,  which  may  here,  for  the  fake 
of  illuftration,  be  confidered  as  a  true  circular 
Arc  :  let  the  center  of  this  Arc  be  found  thus  ; 
round  the  point  B  defcribe  any  circle,  and  alfo 
round  the  points  C,  C,  defcribe  Arcs  cutting  the 
faid  circle  any  where,  as  at  the  pivots  e,  e,  e,  e, 
and,  through  thofe  points  of  interfedtion,  draw 
lines  towards  A,  and  they  will  pafs  through  the 
points  a,  a,  and  meet  in  D,  which  will  be  the 
center  of  the  Arc  CBC;  and  confequently  the 
times  of  Vibration  in  the  Arc  CBC,  will 
be  the  fame,  as  if  D  B,  was  the  length  of  the 
Pendulum,  and  the  point  of  fufpenfion  im¬ 
moveable. 


Motion  of  it, 
worfe  than  a 
change  of  length 
of  the  Pendulum. 


Wood  $  why  im¬ 
proper  for  it« 


312.  And  thus  it  appears ,  that  any  motion 
of  the  point  of  fufpenfion,  will  alter  the  times 
of  Vibration,  more  than  an  equal  change  in  the 
length  of  the  Pendulum  would  do ;  in  the  pro¬ 
portion  c/A  D,  to  aa. 

313.  All  forts  of  wood  attract  and  imbibe 
moifture,  and  by  this  means  alter  their  degree 
of  elafticity  ;  and  confequently,  if  a  Pendulum 

be 


CLOCK-WORK.  ty 

be  fufpended  thereto,  the  motion  of  its  point  of  °PE  ™0V&c’. 

fufpenfion,  will  vary  with  the  elaflicity  of  the  ' - f- - > 

wood  ;  and  the  times  of  Vibration  will  alfo  be 
altered  (312);  and  this  effect,  will  always  be  con- 
fiderable  in  the  meafure  of  time,  wherever  the 
Pendulum  is  fufpended  in  the  common  manner, 
or  is  any  how  dependent  on  the  cafe ;  for  its  ela¬ 
flicity  is  liable  to  change  by  every  change  in  the 
moiflure,  &c.  of  the  air. 

314.  The  changes  that  happen  in  the  weight  Further  reafonstr 
of  the  cafe,  will  alfo  concur  with  the  former,  in 
altering  the  times  of  V ibration  :  for  it  is  certain, 
that  in  mod  Clocks,  the  cafe,  &c.  are  moved  by 
the  Pendulum  at  each  Vibration  ;  and  it  is  no 
lefs  certain,  that  the  fame  power  will  move  a 
lighter  body  [cast.  par, )  further  than  a  heavier  ; 
therefore ,  the  heavier  the  Clock-cafe ,  the  fhorter 
fpace  will  the  Pendulum  move  it ;  and  thus,  will 
any  change  in  the  weight ,  as  well  as  elaflicity  of 
the  cafe ,  alter  the  motion  of  the  pomt  of  fufpen- 
flon ,  and  confequently  the  times  of  Vibration' 

( 3 1 2)*- 


*  Were  it  neceffary  to  fatisfy  the  reader,  that  the  cafe  and 
Clock  are  generally  moved  by  the  Vibrations  of  the  Pendulum,  I 
would  recommend  to  him  the  ufe  of  a  fmall  pamphlet,  by  Mr, 
John  Ellicott ,  intituled  ;  An  account  of  the  influence,  which  two 
Pendulum, Clocks  were  obferved  to  have  upon  each  other, 

And  of  Hugens’s  Horologium  Ofc.  pages  x8  &  19-in  each  of 
which  he  will  meet  with  inconteftible  proofs,  that  the  point  of 
fufpenfion  is  not  fixed*  but  moves  with  the  Pendulum- 

315.  What 
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315.  What  is  above  faid  of  wood,  is  appli¬ 
cable  in  a  lefs  degree  to  brick,  freeftone,  or  any 
fubftance  that  imbibes  moifture  :  and  for  this 
reafon  ;  lead,  and  marble feern  the  fitteji  fub- 
flances  for  fufpending  Clock-pendulums  to  *  and  to 
render  fuch  fufpenfion  perfect ;  a  block  oi  either, 
of  at  lead  4  or  500  weight,  fhould  be  built  as 
compaCtly  as  poffible  in  a  wall,  and  the  Pendu¬ 
lum  fufpended  near  its  middle  ;  for  by  this  means, 
the  point  of  fufpenfion  would  be  rendered  much 
more  immoveable,  and  the  times  of  Vibration 
more  ifochronal  (312.). 

'The  influences  of  heat  and  cold  on  the  Pendu¬ 
lum  rod  comes  next  in  courfe  (308). 

319.  In  all  that  has  been  hitherto  faid,  the 
length  of  the  Pendulum  has  been  conlidered  as 
invariably  the  fame,  but  the  contrary  happens  in 
praSlice  :  for  heat  dilates ,  and  cold  contraSls 
all  metals ;  by  which  means,  the  fame  Pendulum 
is  longer  in  fummer  than  in  winter. 

317.  Various  expedients  have  been  thought 
of  for  correcting  this  imperfection ;  all  of  which 
that  occur  to  me,  except  one,  depend  on  the  op- 
polition  of  expaniion,  to  expanlion  ;  in  fuch 
manner,  that  the  one  fhould  fhorten  the  Pendu¬ 
lum  as  much  as  the  other  lengthened  it :  and 
the  contrary. 

318.  The  only  method  that  does  not  depend 
upon  the  above  principle,  is  by  making  the  Pen¬ 
dulum  rod  of  the  ftraighteft  grained  wood  ;  the 

longitudinal 
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longitudinal  expanfeon  of  which  is  fo  very  final t,  If/frlNocoLB 
that  it  anfwers  fufficiently  for  ordinary  purpofes,  ON  THE  PeNOU- 

and  is  equal  to  any  other ,  in  Clocks  wherein  the  L^_^- _ ) 

influences  of  the  oil  take  place  on  the  pallets  (193, 

195)  * 

-7 in.  All  the  ways  that  have  been,  or  can  be  Thermometers  ail 

J  s  J  j  reducible  to  twd 

ufed,  for  applying  the  expanflon  of  metals ,  may  Classes. 
be  reduced  to  two  general  Classes  ;  namely, 

320.  Such  as  do;  or  do  not  ;  move  with  the  Namely, 
Pendulum . 

321.  Thofe  that  do  not  move  with  the  Pendu-  Of  thofe  that  do 
lum,  are  either  attached  to  the  frame,  or  cafe  of  not  move’  &c‘ 
the  Clock  ;  and  io  conftrued  as  to  raile  the  Pen- 
dulum-fpring  betwixt  two  cheeks  juft  as  much 

as  the  whole  rod  is  lengthened  ;  and  the  con¬ 
trary;  by  which  means,  the  diftance  of  thole 


*  If  I  was  to  adopt  any  principle  or  contrivance,  on  the  re¬ 
putation  of  its  inventor,  it  would  be  this ;  it  being  invented, 
and  often  applied  with  good  fuccefs,  by  my  late  Noble  Patron 
Archibald  Duke  of  Argyll,  whofe  fuperior  abilities  and 
penetration,  might  with  many,  juftify  a  condudl  in  diredl  oppo¬ 
sition  to  thofe  rules  which  he  conftantly  obferved  in  philofophi- 
cal  enquiries  :  and  if  the  fulled:  conviction  of  Plis  abilities ; 
joined  to  the  moil  grateful  fenfe  of  that  goodnefs,  to  which, 
(under  Providence)  Imayjuftlybe  faid,  in  the  firfl  place,  to 
owe  every  blefiing  which  I  do,  or  can  enjoy  ^  are  not  arguments 
fufEcient,  for  adopting  without  further  inquiry  or  experiment, 
a  contrivance  worthy  of  the  greateft  philofopher  of  his  age  : 
iurely  none  other  have  reafon  to  imagine  that  any  indignity  is 
meant,  when  the  merits  of  their  inventions  are  minutely  exa¬ 
mined. 
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cheeks  from  the  center  of  ofcillation,  is  always 
preferved  the  fame. 

322.  Here  it  is  to  be  obferved,  that  as  the 
fpring  is  to  move  freely  up  and  down,  between 
thofe  cheeks,  it  is  apt  to  have  fome  fhake  in  its 
Vibration,  which  is  no  deflreable  circumftance 
where  great  accuracy  is  required. 

323.  Secondly, That  every  change  in  the  tem¬ 
perature  of  the  air,  that  influences  this  Thermo¬ 
meter  ;  alfo  alters  the  length  of  that  part  of  the 
Pendulum-fpring  that  acds  in  the  Vibration : 
confequently  its  ftiffnefs  will  be  altered,  which 
will  vary  the  time  of  V ibration  (137). 

324.  Thirdly,  Since  this  Thermometer  remains 
in  its  place  without  motion ,  any  change  that  hap¬ 
pens  in  the  temperature  of  the  air,  will  not 
affeft  it,  fo  foon  as  the  Pendulum  rod  ;  which  is 
in  conftant  motion,  and  by  that  means,  making 
continual  approaches  to  particles  of  air,  whole 
temperature  have  undergone  no  change  from 
their  former  propinquity  to  it ;  or  if  they  have, 
again  recover  the  fame  temperature,  before 
the  return  of  the  Pendulum  rod :  and  thus  it 
appears , 

325.  That  any  Thermometer  that  is  immove¬ 
able,  can  never  be  fo  foon  influenced  by  the  changes 
of  heat  a7id  cold,  as  the  Pendulum  rod :  and 
therefore  the  evil  muft  take  place  for  fome  time, 
before  the  remedy  is  applied ;  this  is  univerfally 
true  of  all  the  Thermometers  of  this  clafs  (321). 

326.  How 
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926.  How  different  is  the  cafe  in  the  Mercu-  °n  the  Pene>ij- 

S  ^ r  \  ^  i  7  c  71  /r  lum  Rod. 

rial  Pendulum  r  ror  as  the  cylinder  or  Mer-  1 - v — — ' 

cury  moves  quicker  through  the  air,  than  the 
mean  motion  of  the  Pendulum  rod,  it  will  be  Mercuria,  Pendu 
fooner  heated  and  cooled  by  tiie  air,  than  the  Pen-  lums  too  quick, 
dulum  rod ;  and  if  we  add  to  this,  that  no  body  &c* 
in  nature  of  the  fame  denfity  is  fooner  heated 
and  cooled  than  Mercury  ;  it  will  appear  that 
this  Mercurial  T hermometer,  is  as  much  too 
quick,  as  the  other  is  too  flow :  and  confequently, 

327.  That  neither  the  Mercurial  Pendulum ,  And  neither,  can 
(326 )nor  any  Thermometer  that  does  not  move  with  perfea. 

the  Pendulum  (325),  can  have  a  perfect  effedt. 

328.  From  what  has  been  faid  it  appears,  that  Properties  necef- 
in  order  to  make  a  Thermometer  perform  pro-  meters.*'1  theur‘° 
perly,  it  fhould  be  made  of  the  fame  metal  with 

the  Pendulum  rod  (326). 

329.  Secondly ,  It  fhould  conflft  of  bars  of  the  Ditto, 
fame  exadt  dimenfions  with  the  Pendulum  rod  ; 
and  each  of  its  parts,  fliould  in  every  refpedt  have 

the  fame  expofure  to  the  air  with  the  correfpond- 
ing  part  of  the  Pendulum  rod. 

330.  And  laftlyi  Each  part  of  the  Thermo-  Ditto; 
meter  fhould  be  extended,  or  comprefled,  with 

the  very  fame  degree  of  power  with  which  the 
correfponding  part  of  the  Pendulum  rod  is  ex¬ 
tended  or  comprefled  :  nor  can  any  Thermome¬ 
ter  ever  perform  to  the  utmojl  exaSlnefs  of  which 
their  nature  admits ,  without  very  particular  re- 

N  2  gard 
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Influence  of  prarj  js  paid  to  each  of  the  above  articles,  [12 8  to 

MEAT  AND  COLD  D  r  7  \0 

' - - '  S31)- 

331.  The  Gridiron  Pendulum ,  and  Mr.  El- 

The  gridiron  2nd  licott,sj  correfpond  with  thofe  particulars  more 
Mr.Eiiicott’sbeft,  fully,  than  any  other  conftruCtion  with  which  I 
on  thoie  accouncs.  jjave  met .  on  which  account ,  I  fhall  attempt  a. 

more  particular  examination  of  them  ;  and  to 
the  belt  of  my  judgment,  point  out  the  advan¬ 
tages  and  imperfections  of  each  :  fo  far  as  it  can 
tend  to  improvement. 

Of  the  Gridiron  Pendulum 

332.  The  expanfion  of  brafs,  is  always  al¬ 
lowed  to  exceed  that  of  ft  eel,  generally  in  the 
proportion  of  5  to  3  ;  on  which  fuppofttion,  if 
any  piece  of  fteel  by  the  application  of  a  certain 
degree  of  heat,  expands  of  an  inch  :  a  piece  of 
brafs  of  the  fame  length  will,  with  the  fame  heat, 
expand  77  an  inch  ;  and,  ftnce  the  whole 
length  of  brafs  expands  and  the  expanfton 
through  the  ’whole  is  fuppofed  uniform ;  if  it  be 
divided  into  five  equal  parts,  each  part,  will  have 


*  It  may  feem  unneceiTary  here  to  fay,  that  Mr.  John 
Harrifon  is  generally  reputed  the  inventor  of  this  ingenious  con¬ 
trivance  *,  and  that,  if  Mr.  Eilicott’s  name  is  oftener  mentioned, 
in  defcribing  the  following  invention,  than  Mr.  Harrifon’s,  in 
this  •,  it  proceeds  from  no  partiality  :  but  becaufe  Mr.  £lli- 
cott’s  invention  is  known  only  by  his  name. 

expanded 


its  general  prin¬ 
ciples* 


CLOCK-WORK.  93 

expanded  r'r  of  an  inch ;  therefore  if  we  take  ^;”dPesdu' 

away  -=  of  its  whole  length,  the  expanfion  of  the  1 - v - ' 

remaining  f  will  be  —  of  an  inch  :  but  the  ex¬ 
panfion  of  the  whole  bar  of  fteel,  is  alfo  j-o  of  .  f 
an  inch  (by  the  hypothecs),  therefore ,  the  ex-  brafs  and  fteel  ' 
paniion  of  a  bar  of  fteel,  is  equal  to  the  expan-  wires- 
lion  of  a  bar  of  brafs  of  f  its  length.  And  uni- 
verfally , , 

333.  When  the  length  of  the  bars,  is  inverfely 
as  the  expanfion  of  the  relative  metals ;  the  whole 
expanlion  in  each  bar,  will  be  equal  :  and  con- 
fequently  may  be  applied  to  ballance  each  other  ; 
this  being  the  foundation  of  the  gridiron.  I  now 
come  to  the  application 

334.  Let  A  B  Fig.  1.  Plate  9.  reprefent  the  plate  IX: 
length  of  any  given  Pendulum  to  which  a  grid-  tl0,  ** 
iron  is  to  be  applied ;  bifect  A  B,  in  C,  and  make 

B  D,  D  E  and  E  F,  each  equal  to  A  C  or  C  B, 
then,  A  F,  will  be  to  B  F,  (that  is,  H  G,)  as  5 
to  3  ;  therefore  (332)  if  A  F  be  fteel,  and  FI  G, 
brafs,  their  expanlions  and  contractions  with  any 
degree  of  heat  and  cold  will  be  equal  :  and  if  G 
H,  be  firmly  attached  to  A  F  at  their  extremity 
F  G  ;  and  A  F  be  fufpended  by  the  point  A  ; 

A  F,  will  expand  upwards,  as  much,  as  G  H, 
does  downwards  ;  and  the  points  A  and  FI  will 
always  keep  the  fame  diftance  from  each  other  ; 
confequently ; 


335-  Jf 
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335-  If  a  Pendulum  be  conJlruBed  whofe  point 
of Jufpenfion  is  A,  and  its  center  of  of  dilation  H, 
it  can  neither  be  lengthened  nor  Jhortema lg  by  any 
change  cf  heat  and  cold ;  And,  thus 

336.  It  appears  (334),  that  whatever  be  the 
length  of  a  Pendulum ;  three  half  lengths  of 
Heel,  and  as  much  of  brafs,  muft  be  added,  in 
order  to  have  as  much  expanfion  upwards  as 
downwards :  and  when  the  whole  length  of  bars  is 
thus  afcertained.,  they  may  be  cut  into  fuch  feveral 
lengths  as  may  beft  fuit  the  purpofe,  and  evade 
the  inconveniencies  of  having  any  part  of  them 
below  the  ball  of  the  Pendulum  *  : 

337.  Always  obferving,  that  the  expanfon  of 
the  Jleel  tend  downwards ,  and  that  of  the  brafs 
upwards ;  in  which  cafe,  they  will  ballance 
each  other,  without  regard  to  the  number  of 
pieces  into  which  they  are  cut ;  for  the  effedt  of 
the  whole,  confifts  of  the  effects  of  all  its  parts : 
Therefore, 

338.  If  the  fteel  bar  A  F,  Plate  IX.  Fig.  1. 
be  cut  into  three  unequal  lengths,  and  the  brafs 


*  Here  it  is  to  be  obferved,  that  the  fcrew  by  which  the 
length  of  the  Pendulum  is  adj lifted;  fhoutd  aft  as  near  as  pof- 
ftble  to  the  center  of  gravity  of  the  bail :  by  which  means  any 
expanfton  of  the  ball  can  no  ways  alter  the  diftance  of  the  cen¬ 
ter  of  ofcillation  from  the  point  of  fufpenfioit :  and  this  may 
be  effeded  by  means  of  a  long  focket  attached  to  the  ndt  at 
the  bottom  of  the  Pendulum,  and  palling  up  through  the  ball,  to 
its  center  of  gravity  ;  where,  it  muft  ad  on  the  fcrew,  and  fup- 
port  the  ball. 


bar 
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bar  H  G  into  two ;  and  thofe  five  pieces  be  ap-  THE  Pendu' 

plied  and  connected  with  each  other,  as  in  Fig.  1 - v’ - > 

2 .  the  brafs  will  expand  upwards  as  much  as  the 
ft  eel  does  dewards,  and  the  center  of  ofcillation  B, 
always  keep  the  fame  diftance  from  A,  the  point 
of  fufpenfion  ;  nor  will  the  expanfion  of  the  little 
crofs  pieces  that  conned;  the  bars,  be  of  any  ef- 
fed,  it  ading  laterally  only. 

339.  Though  in  theory  jive  bars  only ,  are  necef-  Why  rrore  wires 

fary  for  conftruding  a. gridiron  (338)  ;  nine  are  ^eSintheor'y. 
requifite  in  praElice in  order  that  the  bar  to 
which  the  Pendulum  is  immediately  fufpended,  be 
equally  fupported  on  each  fide  :  to  prevent  fuch 
tremulous  motion  or  bending  of  the  bars,  as  might 
otherwife  take  place  ;  See  Fig.  3.  where  it  ap-  plate  IX, 
pears  by  infpedion  that  the  correfponding  bars 
on  either  fides  the  center,  co-operate  in  fuch 
manner,  as  to  move  both  ends  of  the  crofs  bars 
equally,  and  by  that  means,  prevent  fuch  bending 
of  the  upright  ones,  as  muft  otherwife  happen  by 
the  weight  of  the  ball  B  ;  nor  do  thofe  addi¬ 
tional  bars,  thus  applied ,  any  how  increafe  the 
expanfion. 

340.  Fig.  4.  reprefents  the  manner  of  con- 
neding  the  bars  in  a  gridiron  ;  and  is  drawn  of 
the  fize  commonly  ufed  for  royal  Pendulums  ; 

the  bars  could  not  be  reprefented  here  at  full  Drawing  at  full 
length,  and  are  therefore  broke  in  the  middle  ;  flze' 
the  letters  with  which  the  round  bars  are  marked 
ferve  to  denote  the  metal  of  which  each  is  made  ;  • 

1  and 


96 

Influence  of 

HEAT  AND  COLD 


Two  fprings  befh 


Crofs  bars. 

i 


How  the  gridiron 
is  adjufted. 


IMPROVEMENT  OF 

and  that  part  of  the  middle  rod  which  is  above 
the  piece  E,  ferves  only  for  keeping  the  three 
bars  on  each  fide  thereof,  in  the  fame  p!%ne  with 
the  two  outftde  ones  ;  it  alfo  anfwers  a  like  pur- 
pofe  at  the  lower  end  of  the  gridiron,  and  is 
pin  d  in  the  crofs  piece  E,  only ;  and  moves  freely, 
but  without  fhake ,  in  the  pieces  C,  D,  F  andG. 

34.1.  I  have  always  prefered  the  fufpenlion 
by  two  fprings,  to  that  with  one  ;  and  have  here 
reprelented,  the  piece  to  which  the  fprings  are  at¬ 
tached ,  together  with  the  piece  C,  to  which  it  is 
fere  wed,  in  fever al  different  views  ;  all  the  other 
crofs  pieces,  are  alfo  reprefented  feparately,  and 
marked  with  the  fame  letters  as  in  the  Pendu¬ 
lum. 

342.  The  upright  bars,  or  wires,  are  gene¬ 
rally  connected  towards  the  middle  by  one  or 
more  crofs  pieces,  that  ferve  ftill  further  to  pre¬ 
vent  any  tremulation  that  might  arife  from  their 
elaftic  flexibility  ;  thofe  pieces  are  pin’d  to  the 
two  extreme  bars,  and  allow  the  other  feven  to 
move  freely,  yet  without  fliake,  in  their  holes. 

343.  In  all  that  has  been  hitherto  faid,  the 
expanfon  of  brafs  has  been fuppofed  to  bear  to  that 
of  feel ,  the  exati  proportion  of  five  to  three  ;  and 
that  all  dimenfions  have  been  accurately  laid  down 
agreeable  thereto ;  but,  left  on  trial,  the  con¬ 
trary  fhould  appear,  the  gridiron  may  be  adjuft¬ 
ed,  by  fhifting  the  crofs  piece  F,  upwards  or 
downwards,  for  which  purpofe,  feveral  holes 
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are  made  in  the  upright  rod,  that  correfpond  °Nt™B^“nD' 
exa&ly  with  thofe  in  the  piece  F.  See  Fig.  4.  ' - » - ' 

-2  4.4.  It  is  further  to  be  obferved  in  conftruft-  Round  wires  bet- 

*  V,.  7  7  1  ter  than  fquare% 

mg  gridirons  ;  that  round  wires  are  much  pre-  even  in  theory, 
ferable  to  fquare  bars,  even  in  theory ,  and  inde¬ 
pendent  of  all  pra&ical  advantages ;  as  there  is 
a  more  equal  and  free  admiflion  of  air  to  each 
wire  ;  in  order  to  promote  which,  the  wires 
Jhould  never  ft  and  clofte  to  each  other ;  and  thus 
it  appears : 

343.  That  gridirons  comp  of ed  of fquare  barsy  And  hollow  cylin- 
clofely  fitted  to  each  other,  do  in  fome  degree  chiui 

partake  of  the  inconvenience  of  immoveable  'Ther¬ 
mometers  (325) ;  though  not  to  fuch  a  degree, 
as  where  hollow  cylinders  are  ufed . 

I  now  come  to  the  theory  of  Mr.  Ellicott’s 
Pendulum,  the  defcription,  &*c.  of  which  are  here 
given  in  his  own  words. 

346.  “  Plate  10.  Fig.  1.  reprefents  the  Pendu-  Mr  .Ellicott’s  Pen- 

i*i  i*°i  ri  r  i  •  duiurn  aeicnbed. 

lum  :  in  which  a  b,  is  a  bar  or  brals  made  quite 

faft  at  the  upper  end  by  pins,  and  held  conti-  P  fig/i. 

guous  at  feveral  equal  distances,  by  the  fcrews  x , 

2,  &c.  to  the  rod  of  the  Pendulum,  which  is  a 
bar  of  iron  ;  and  fo  far  as  the  brafs  bar  reaches, 
is  filed  of  the  fame  fize  and  fhape,  and  confe- 
quently  does  not  appear  in  the  figure  ;  but  a 
little  below  the  end  of  the  brafs  bar,  the  iron  is 
left  broader,  as  at  d  d,  for  the  conveniency  of 
fixing  the  work  to  it,  and  is  made  of  a  fufficient 

O  length 
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Mr.  Eiiicott’s  Pen-  through  which  the  fhanks  of  the  fcrews  pafs 
dujum  defcribcd.  into  the  iron  rod  of  the  Pendulum,  are  filed  as  in 

the  drawing,  of  a  fufficient  length  to  fuffer  the 
brafs  to  contrail  and  dilate  freely  by  heat  and 
cold,  under  the  heads  of  the  fcrews ,  e  e  e  e,  repre- 
fent  the  ball  of  the  Pendulum  ;  f  f,  two  ftrong 
pieces  of  ft  eel,  or  levers,  whole  inner  centers, 
or  pivots,  turn  in  two  holes  drilled  in  the  broad 
part  of  the  Pendulum  rod,  and  their  outer  ones 
in  a  ftrong  bridge,  or  cock,  fcrewed  upon  the 
fame  part  of  the  rod,  but  omitted  in  the  draught, 
becaufe  when  put  on,  it  covers  this  mechanifm  ; 
g  g  are  two  fcrews  entering  at  the  edge,  and 
reaching  into  the  cavity  near  the  center  of  the 
ball.  The  ends  of  the  fcrews  next  the  center, 
are  turned  into  the  form  reprefented  in  the 
drawing,  which,  prefling  with  the  weight  of  the 
ball  againfl  the  longer  arms  of  the  levers,  caufe 
the  fhort  ends  to  prefs  againfl  the  brafs  bar  at  b. 
Things  being  in  this  fituation,  let  us  fuppofe, 
that  the  rod  of  the  Pendulum,  and  the  brafs  an¬ 
nexed  to  it,  grow  longer  by  heat,  and  that  the 
brafs  lengthens  more  than  the  iron  of  the  fame 
length  ;  then  the  brafs  by  its  excefs  of  dilation, 
will  prefs  the  fhort  ends  of  the  levers  downwurds 
at  b,  and  at  the  fame  time  neceflarily  lift  up  the 
ball,  which  refts  on  the  long  ends  of  the  fame 
levers  at  f  f,  to  any  proportion  neceffary :  and 

provided 
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provided  the  ends  of  the  fcrews  do  prefs  upon 

the  levers  at  a  proper  diftance  from  the  centers,  1 - ^ - * 

the  faid  ball  will  be  always  kept  at  the  fame  dif-  Mr.  EiiicotCs  Pen- 
tance  from  the  point  of  fufpenfion,  notwith-  dulu!n  defaibed. 

Handing  any  alteration  the  rod  of  the  Pendulum 
may  be  liable  to  from  heat  or  cold.  What  this 
diftance  ought  to  be,  may  very  nearly  be  deter¬ 
mined,  if  the  difference  of  expanfion  between  the 
iron  and  brafs  bars  is  known  ;  for  the  proportion 
the  {Porter  arms  of  the  levers  ought  to  bear  to 
the  longer  ones,  will  always  be  as  the  excefs  of 
expanfion  of  the  brafs  is  to  the  whole  expanfion 
of  the  iron,  as  may  be  thus  eafily  demonftrated.” 

Plate  io.  Fig.  2.  “  Let  the  line  a b,  drawn  plate  x. 

O  "  F I G  2» 

perpendicular  to  the  line  e  f,  reprefent  a  bar  of 
iron  ;  the  line  e  d,  a  bar  of  brafs  ;  the  pricked 
line  b  g,  the  expanfion  of  the  iron  bar  by  any 
particular  degree  of  heat ;  the  pricked  line  d  h, 
the  expanfion  of  the  brafs  bar  by  the  fame  de¬ 
gree  of  heat  ;  let  the  line  g  i,  be  drawn  parallel 
to  the  line  e  f ;  then  will  i  h,  reprefent  the  dif¬ 
ference  of  the  expanfion  of  the  two  metals  : 
through  the  points  h,  g,  draw  a  right  line  cutting 
the  line  e  f,  as  in  k  ;  this  line  may  be  fuppofed 
to  reprefent  one  of  the  levers  turning  upon  its 
center  at  g ;  h  the  point  where  the  brafs  bar 
acts  on  the  {porter  end  of  the  lever,  and  k,  the 
point  where  the  fcrew  adts  upon  the  longer  end 
of  the  lever,  which  being  the  place  where  it  in- 
terfedfs  the  line  e  f,  it  is  evident  the  ball  of  the 

O  2  Pendulum 
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Influence  of  Pendulum  will  be  l 
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> - v - <  it  would  have  been 

Mr.  Eiiicott’s  Pen-  the  iron ;  but  the  triangle  i  h  g,  is  limilar  to  the 

duium  defcribed.  triangle  b  g  k ;  and  therefore,  as  i  h,  the  excefs  of 

the  expanlion  of  the  brafs,  is  to  b  g,  the  whole 
expansion  of  the  iron,  fo  will  h  g,  the  fhorter 
arm  of  the  lever,  be  to  g  k,  the  longer  arm  of 
the  lever,  Oe  e.  d.” 

PLAIT  x.  “  At  c,  Fig.  x.  is  placed  a  ftrong  double  Ipring, 

whofe  ends  preffing  againft  the  under  edge  of 
the  ball,  hinder  it  from  bending  the  brais  bar 
by  its  forcible  motion  thereon,  at  the  point  b, 
which,  when  the  ball  is  of  a  confiderable  weight 
it  might  otherwife  be  very  liable  to  do.  The 
defcription  here  given  is  exadtly  agreeable  to  the 
original  contrivance  :  and  the  only  alteration  I 
have  fince  made  in  it,  conlifts  in  placing  the 
fcrews  g  g,  within  the  ball  of  the  Pendulum.” 


s  much  raifed  by  the  lever,  as 
deprefied  by  the  expanfion  of 


347.  I  fhall  not  attempt  any  further  explana¬ 
tion  of  the  above  contrivance ,  which  its  author  has 
defcribed  in  a  very  clear  and  diftindl  manner  ; 
nor  does  any  error  appear  to  me  in  his  demon- 
fixation,  if  the  fuppofetions  on  which  it  is  partly 
Char-afteriftick  of  founded  are  allowed ;  but  it  is  necefiary,  not  only, 
tme  demonftra-  that  all  mathematical  demonftrations ,  be  founded 

on  data  that  are  ftridlly  true  ;  but  alfo ,  that  they 
comprehend  every  circumftance  that  can  any 
how  affedt  the  refult  ;  in  which  cafe  only ,  the 
theory  and  practice  can  agree. 


348.  It 


I O  I 


CLOCK-WORK. 

348.  It  is  obvious,  that  the  above  demon-  On  the  Pendu- 

fixation  fuppofes  the  Pendulum  rod  perfeSily  in -  < - v - » 

flexible.,  and  that  all  the  parts  move  without  fric-  Mr.Eiiicott’s  Pen- 
tion  ;  in  which  cafe,  the  operation  muft  be  per-  dulum  examined‘ 
feCtly  fmooth  and  uniform  :  But 

349.  If  the  Pendulum  rod  be  in  any  degree  objeaion. 
flexible,  and  friction  take  place  in  any  part  of 

the  contrivance,  the  operation  cannot  be  per¬ 
fectly  fmooth,  and  the  irregularity  of  the  mo¬ 
tion,  will  increafe  with  the  friction  and  flexibi¬ 
lity  of  the  rod.  Example, 

350.  If  two  rods  of  different  metals  be  firmly  niuftration. 
attached  to  each  other  at  one  end,  but  at  liberty 

to  move  freely  and  without  refinance  on  each 
other,  towards  the  other  end ,  they  will  expand 
and  contract  uniformly  and  without  the  leaft 
tendency  to  bend  :  as  in  Plate  1 1 .  Fig.  1 . 

351.  But  if  thole  rods  be  connected  with 
each  other,  not  only  at  their  extremities ,  but 
alfo  at  feveral  intermediate  [paces  ;  and  have  dif¬ 
ferent  expanfions,  they  will  form  themfelves 
into  a  circular  Arc,  as  in  Fig.  2.  Plate  1 1  :  and 
the  refiftance  which  thofe  elaftic  rods  make  to  the 
bending,  increafes  as  the  [paces  to  which  they 
are  bent.  Therefore, 

352.  If  fuch  rods  be  firmly  attached  to  each 
other,  at  one  end  only  ;  and  by  a  limited  power  at 
the  other ;  they  will,  on  any  change  of  heat  or  cold, 
continue  to  bend,  till  the  fliftnefs  of  the  rods 
(350  does  fomewhat  exceed  the  uniform  limited 

>  power 
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power  with  which  they  are  conneBed  ;  at  which 
period,  the  rods  will  fuddenly  flip  on  each  other 
aid  become  ftraight  ;  this  limited  power  being 
no  longer  able  to  ballance  the  refiftanee  of  the 
rods  :  and  thus  will  they  bend ,  and  move  alter¬ 
nate1}-,  by  means  of  the  changes  of  heat  or  cold  ; 
and  the  fpaces  to  which  they  bend,  will  always 
depend  on  the  proportion  which  the  limited 
power  that  connects  the  rods,  bears  to  their  ftift- 
nefs. 

353.  Let  two  fiich  rods  be  fufpended,  at  one 
end,  and  a  weight  applied  to  the  other,  as  in 
Fig.  3.  Plate  11.  And  this  weight ,  as  well  as  the 
fiiffnefs  of  the  rods ,  will  tend  to  oppofe  their  bend¬ 
ing,  and  the  oppofltion  which  it  makes,  increafes 
as  the  verfed  fine  of  the  Arc  into  which  the  reds  or 
bars  are  bent  (See  the  dotted  lines  in  the  Fig.) 
and  the  application  of  this  weight  will  render  the 
bendings  lefs,  and  more  frequent  ;  fo  as  more 
nearly  to  approach  an  uniform  motion. 

354.  Now  if  we  conflder  the  friBion  on  all 
the  parts  of  fuch  a  Pendulum  as  reprefented  in 
Plate  10.  as  a  limited  power,  that  connects  the 
lower  ends  of  the  brafs  and  fteel  bars ;  (for  they  can 
have  no  relative  motion  till  this  fridtion  is  over- 
come)  the  bending  of  the  rods  will  ( ccet.  par.)  be 
proportioned  to  it  (352,  353)  ;  fo  that  by  dimi¬ 
ni  Jhing  the  friBion ,  the  motion  is  rendered  mere 
uniform  ;  of  which,  the  ingenious  inventor,  was 

4  fo 
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fo  well  aware,  that  he  judicioufly  applied  the  0^,T';F  ?™DU- 
double  ipring  below  the  ball.  1 - v - ’ 

355.  But  this  fpring  mufi  not  fuftain  the  whole  Mr.Eiiicott’sPen- 
•weight  of  the  ball ;  and  therefore,  though  the  dukm  examined- 
fridion  may  be  very  much  diminifhed,  it  can  ne-  ^5°nr^lovedbe 
ver  be  totally  removed  by  the  application  of  a  by  the  application 
fpring  ;  nor  can  we  be  abfolutely  certain  that  the  oi  3  fprins‘ 
fcrews  g  g,  Plate  10.  Fig.  1.  bear  equally  on  the 

levers ;  if  they  do  not,  it  muft  incline  the  ball  to 
one  fide,  fo  as  to  rub  at  the  upper  part,  again  ft 
the  bars ;  which  will  generate  a  fridion  of  fuch 
a  nature  as  muft  ever  be  attended  with  jerks  *.  • 

356.  Since  the  fridion  on  the  levers  is  at  leaft 
nearly  uniform,  and  the  reiiftance,  which  the 
weight,  and  ftiffnefs  of  the  rods  make  to  the 
bending,  is  of  an  accumulating  nature  (352, 

353);  it  follows,  that  when  the  rods  are  ftraight, 


*  In  feme  cafes,  fridion  generates  fridion  ;  as  when  a  wetted 
finger  is  moved  forward  along  a  fmooth  table,  as  reprefented  in 
P  LATE  X.  Fig.  3.  it  will  always  move  by  jerks ;  but  if 
moved  backwards,  it  flips  fmoothly  :  the  cafe  will  be  fomewhat 
fimilar  here,  if  the  levers  fhould  not  bear  an  equal  prefifure 
from  the  fcrews  that  fupport  the  ball. —In  a  Pendulum  which  I 
have  now  making,  with  the  improvements  here  propofed  ;  the 
fpring  which  fuflains  the  ball,  is  made  of  a  helical  form  ( like  thefe 
in  fmall  portable  fti  11-vards,)  fo  that  it  moves  with  the  greateft: 
freedom,  and  by  means  of  a  fcrew  at  the  bottom  of  the  ball, 
(within  which,  is  the  fpring) :  its  adion  may  be  increafed  or 
diminifhed  at  pleafure,  fo  that  the  levers  fhall  fuftain  any  aft 
figned  part  of  the  weight.  In  it,  I  have  alfo  fomewhat  altered 
the  manner  of  adj ufting  the  levers  from  that  in  Mr.  Ellicott’s  j 
by  which  means,  the  length  of  the  Pendulum  is  lefs  liable  to  be 
altered,  by  fuch  adjustment. 


the 
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the  refiftance  to  the  bending  totally  ceafes ;  nor 
can  it  be  fuppofed  to  take  place,  before  the  rods 
are  fomewhat  bent  ;  nor  will  the  bending  ceafe , 
till  this  refiftance  is  fo  much  increafied ,  as  to  ex¬ 
ceed  the  friSlion  (354) ;  confequently  while  there 
is  a  friUion,  there  mull  be  a  bending,  and  this 
bending  muft  produce  an  irregularity  in  the  mo¬ 
tion  ;  which,  however  fmall,  or  imperceptible, 
it  may  be  to  our  light,  in  any  experiment,  mult 
ftill  render  the  effect  lefs  perfect,  than  if  the  mo¬ 
tion  was  more  uniform  ;  and  therefore ,  fuch  a 
4  conftruftion  as  does  not  admit  of  a  probability  of 
fuch  irregularity  of  motion  is  certainly  to  be  pre¬ 
ferred  *. 

357.  Having  endeavoured  to  point  out  the 
chief  inconveniences,  that  I  imagine  Mr.  Elli- 
cott’s  Pendulum  in  its  prefent  Hate  liable  to  ; 
I  fhall  next  endeavour  to  obviate  them ,  or  any 
others  that  occur  to  me,  fo  as  to  give  it  all  thole 
advantages  of  which  the  conftrudtion  feems 
peculiarly  fuftceptible  :  nor  have  I  the  lead 
doubt  of  meeting  with  His  approbation,  if  I 


*  It  is  probable  that  any  improvement  of  Mr.  Ellicott’s  Pen¬ 
dulum  beyond  its  prefent  Hate,  might  anfwer  no  great  end  in 
improving  the  performance,  while  the  influences  of  the  oil,  or 
any  other  imperfections  of  the  movement,  can  tend  to  difturb 
the  natural  tendency  of  the  Vibration :  but  when  all  thofe  evils 
are  removed,  thefe  merit  attention ;  and  the  effeCt  of  re¬ 
moving  them  will,  I  doubt  not,  then  become  fenfible  in  the 
performance  of  theClock. 


fucceed 
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fucceed  in  the  improvement  of  a  contrivance 
which  He  fo  candidly  laid  before  the  public ;  nor 
do  I  imagine  that  malice  itfelf ,  can  conjlrue  this 
examination  into  a  breach  of  friendjhip ,  when  it  is 
declared  that  my  approbation  of  the  contrivance 
induced  me  to  it  :  and  if  I  fpare  not  the  inven¬ 
tions  of  thofe  whom  the  public  efteem ;  and  I 
always  wilh  to  reckon  among  the  number  of  my 
friends  ;  it  proves ,  that  I  adhere  to  my  refolu- 
tion  of  preferring  demonftration  to  opinion  ;  and 
that  no  difrefpeCt  is  meant  wherever  the  one  is 
oppofed  to  the  other. 

358.  If  three  bars  of  metal  (one  of  brafs  and 
two  of  fteel)  be  firmly  conne&ed  at  one  end,  and 
held  together  by  any  determined  power  towards 
the  other  end ;  any  increafe  of  heat  will  expand 
the  brals  bar  more  than  the  fteel  ones ;  and  if 
it  were  connected  with  one  of  the  fteel  bars  only, 
they  would  be  bent,  as  in  Fig.  2.  Plate  11.  but 
here,  it  being  connected  with  a  fteel  bar  on  each 
Jidey  they  endeavour,  by  means  of  the  limited 
power  which  connects  them,  to  bend  it ;  each 
operating  its  own  wayy  by  which  means  they 
counteract  and  deftroy  each  other’s  effect,  fo 
that  no  bending  can  in  this  cafe  take  place  :  but 
the  leaft  change  in  their  expanftons,  will  alter 
the  relative  pofttions  at  their  extremities,  and  the 
motion  will  be  uniform  and  regular,  unlefs  the 
reftftance  be  fo  very  great,  as  actually  to  com- 
prefs  or  ftretch  the  bars,  which  I  am  apt  to  be- 
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lieve,  can  never  be  the  cafe  in  a  Pendulum  that 
is  executed  with  difcretion.  ‘Therefore , 

359.  In  Pendulums  'with  levers ,  two  bars  of 
fteel  and  one  of  brafs  fhould  be  ufed,  as  repre- 
fented  by  Fig.  7.  Plate  11.  the  fcrews  that  con¬ 
ned:  the  bars ,  are  made  to  allow  the  one  of  brafs> 
to  move  freely  between  thofe  of  fteel ;  and  the 
rods  are  kept  at  a  fmall  diftance  from  each  other, 
fo  as  to  give  a  free  admijfton  of  the  air  to  the 
brafs  bar-i  that  it  may  be  heated  and  cooled  at 
the  fame  infant  with  the  fteel  ones ;  which  muft 
have  a  more  perfect  effed,  than  where  the  brafs 
is  affeded  by  its  communication  with  the  fteel : 
nor  is  even  this  trifling  circumftance  unworthy 
of  notice,  when  we  recoiled  what  is  faid  in 
paragraph  (24.8). 

360.  From  what  is  above  faid  ( 3  5  8),  it  might 
at  fir  ft  fight  be  thought,  that,  with  this  addition, 
little  or  no  regard  needs  be  paid  to  the  quan¬ 
tity  of  fridion  :  or  whether  the  levers  bear  an 
equal  weight ;  but  let  it  be  obferved,  that  though 
the  bending  of  the  bars,  is  by  this  means  pre¬ 
vented  in  the  diredion  wherein  it  naturally  takes 
place  in  the  higheft  degree,  an  unequal  bearing 
on  the  levers  would  tend  to  bend  the  bars  edge¬ 
ways  ;  and  though  fuch  bending  muft  be  very 
trifling,  even  when  compared  with  what  has  been 
heretofore  confidered,  the  effed  cannot  be  hurt, 
and  may  be  rendered  more  perfed,  by  removing 
as  much  as  in  our  power,  even  the  probability  of 
any  jerk  or  bending,  however  fmall. 

1  '  361.  Plate 
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361.  Plate  11.  Fig.  5.  reprefen ts  one  of  the 
Steel  bars  with  the  brafs  bar  and  levers ;  on 
which  it  is  made  to  ad,  (by  means  of  the  piece 
b,)  in  fuch  manner ,  that  each  pall  have  equal 
prepare,  notwithstanding  any  inaccuracies  of  exe¬ 
cution,  &c. 

362.  N°  1.  (under  Fig  5.  Plate  11.)  repre- 
fents  the  lower  end  of  the  brafs  bar,  together 
with  the  cylinder  c,  and  piece  b,  each  feparately ; 
and  N°  2,  and  3.  are  different  views  of  the 
levers. 

363.  Fig.  6.  Plate  1  r.  part  of  one  of  the  fteel 
bars,  to  befcrewed  to  the  bars  Fig.  5.  as  repre¬ 
sented  by  Fig.  7.  the  large  opening  in  it,  fervesto 
fhew,  the  ends  of  the  levers  with  the  piece  b,  &c. 
From  what  has  been  faid,  it  appears,  that  Mr. 
Ellicott’s  Pendulum ,  can  no  more  be  rendered 
perfect,  with  two  bars ,  than  the  gridiron  can 
with  five  (339) ;  nor  can  the  effed  be  perfedin 
any  Pendulum  with  levers.,  where  each  does  not 
bear  an  equal  weight  (360) ;  and  confequently, 
any  Pendulum  conJlruEied  with  one  lever ,  can 
never  have  a  perfed  effed. 

364.  From  what  is  above  faid  it  is  not  to  be 
underftood,  that  this  Pendulum  in  its  prefent 
State,  is  as  imperfed  as  a  gridiron  of  five  bars 
(339)s  though  it  does  in  a  lejs  degree,  partake  of  the 
fame  inconveniency :  but  when  three  bars  are  ufed, 
and  the  bearing  on  each  lever,  rendered  equal ; 
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the  effedt  of  Mr.  Ellicott' s,  will  in  every  refpeCfc 
equal  that  of  the  gridiron  Pendulum  ;  with  the 
fuperior  advantage  of  being  much  more  eafily , 
and  accurately  ad  juft  ed ,  than  any  gridiron  Pendu¬ 
lum  that  I  have  feen  ;  not  to  mention  fome 
frnaller  advantages  (329). 

365.  The  objection  that  will  moft  probably 
be  yet  made  to  Mr.  Ellicott’ s  Pendulum ,  is,  that 
it  is  regulated  by  railing  the  Pendulum  Ip  ring 
through  a  flit,  8tc.  by  which  means  the  length 
of  the  fpring  is  altered,  in  regulating  the  length 
of  the  Pendulum  :  but,  though  this  is  allowed 
to  be  an  imperfection  in  the  conftruttion  of 
Clock-thermometers  (323),  it  is  not  of  equal  mo¬ 
ment  in  this  cafe ;  for  when  the  Pendulum  is 
once  got  to  vibrate  true  time,  the  length  of  its 
fpring  is  no  more  altered  :  belides  it  is  ealily  to 
fubftitute  other  methods  of  regulating,  that  fhall 
in  no  degree  be  liable  to  this  objection. 

366.  As  to  the  increafe  of  reliltance  that  may 
take  place  owing  to  the  cavity  in  the  ball ;  I  fhall 
endeavour  to  fhew  hereafter,  how  the  reliflance 
of  the  air  may  be  diminifhed  with  this,  and  all 
other  Pendulums,  by  altering  the  fhape  of  their 
balls. 

367.  If  in  the  gridiron  Pendulum,  the  ball 
be  fupported  by  the  lower  edge,  the  whole  ex- 
panflon  thereof  will  tend  upwards  ;  and  its  con¬ 
traction,  downwards  ;  nor  can  the  effeCts  of  heat 
or  cold,  on  fo  thick  a  body,  keep  pace  with 

thofe 


CLOCK-WORK. 

«r 

thofe  of  the  Pendulum  rod  ;  therefore  in  this  cafe 
the  effect  of  a  gridiron  is  lefs  perfed  than  Mr. 
EUicott  s  ;  but  this  may  be  corrected  by  fup- 
porting  the  ball,  by  its  center  of  gravity.  On 

THE  WHOLE, 

368.  The  only  material  difference  that  I  can 
difcover  in  the  advantages  of  thofe  ingenious 
contrivances,  in  their  moil  improved  fkate,  is: 
‘That  Mr.  Ellicott’s  is  by  much  the  eafieft  ad¬ 
jured  * ;  and  that ,  when  the  air  has  free  admiffton 
between  its  bars ,  they  are  more  equally  heated  and 
cooled ,  than  even  thofe  of  the  gridiron  ;  in  which, 
the  bars  at  the  extremities ,  are  fooner  affeded  by 
any  changes  in  the  temperature  of  the  air,  than 
thofe  towards  the  tniddle  :  fo  that  the  effed  muff 
be  mo  ft  perfeB  where  all  the  bars  are  moft  equally 
heated  and  cooled  (329). 

369.  I  fhall  now  endeavour  to  bring  into  one 
point  of  view,  the  fubftance  of  what  has  been 
laid  relative  to  the  influence  of  heat  and  cold 
on  Pendulums. 

That  wooden  Pendulum  rods  may  anfwer  for 
Clocks .  wherein  the  influences  of  the  oil  take  place 
on  the  pallets  (318). 


*  Mr.  Ellicott’s  Pendulum  may  be  adj ufted  to  the  greateft 
nicety,  without  ftopping  the  Clock  many  feconds,  or  running 
fo  great  a  rifque  of  altering  the  former  length  of  the  Pendulum, 
as  in  ali  the  gridiron  Pendulums  I  ever  faw. 
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On  the  Pendu¬ 
lum  rod. 

< - ^ 

Of  Mr.  Ellicott’s 
Pendulum. 


Mr.  Ellicott’s  ea¬ 
fieft  adj  ufted,  and. 
more  perfect,  in 
effect. 


Recapitula* 

TION. 


That, 


iro 
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mat  andEcold  That,  before  the  influence  of  the  oil  is  remov- 

' — - >  ed  in  Clocks ,  their  performance  may  be  hurt ,  by 

totally  remedying  the  influences  of  heat  and  cold 
on  the  Pendulum ,  particularly  with  recoiling  pal¬ 
lets  (195,  196). 

That,  no  ‘Thermometer  that  remains  immove¬ 
able  in  its  place ,  can  perfectly  remove  the  influence 
of  heat  and  cold  on  the  Pendulum  rod  (325). 

That,  the  Mercurial  Pendulum  is  too  foon  af~r 
feSledby  the  changes  of  heat  and  cold',  and  there¬ 
fore  can  never  have  a  perfect  effeCl,  in  remedying 
their  influences  (326). 

That,  the  gridiron,  and  Mr.  Ellicott’s 
methods  for  removing  the  influences  of  heat  and 
cold,  are  the  befl  that  have  yet  appeared  (331). 

That,  no  Pendulum  can  be  conftruSied  with 
one  lever ,  fo  as  to  have  a  perfeCl  effeCl  (363). 

That,  the  bars  are  more  equally  heated  and 
cooled  in  Mr.  Ellicott’s  than  the  gridiron 
Pendulum  (368). 

And  that,  the  former  is  much  more  eaflly  ad- 
jufled  than  the  latter  (368). 

Pendulum  with  370.  Which  two  1  aft  properties,  do  lor  general 
levers,  preferable.  u£  gjve  preference  to  the  conftru&ion  with 

levers.  If  I  have  in  this  examination  commit¬ 
ted  any  overflight  or  error  ;  the  manner  which 
has  been  obflerved  through  the  whole,  lays  them 
epen  to  the  detection  of  thofe  who  reafon  with  more 
propriety. 


371.  Some 
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-371.  Some  may  expedt,  that  the  method  of  °N TH1  Pendu- 

v  /  1  "  1  — ^  11  LUM,  txC> 

determining  when  luch  Pendulums  are  accu-  * - s — — * 

rately  adjufted,  fhould  be  here  given;  but  where 
time  admits,  a  due  attention  to  the  perfor¬ 
mance  of  the  clock,  is  the  beft  means,  as  it 
includes  every  circumftance  that  can  affedt. 

372.  As  to  the  changes  that  may  happen  in  the  Changes  in 
action  of  gravity  (307) ;  they  only  take  ™EGR*CV7T°Y” 
place  from  a  change  of  latitude,  and  muft  be  cor- 

redted  in  the  length  of  the  Pendulum. 

373.  Having  fhewn  above ,  how  to  render  introduflion  to  the 
the  maintaining  power  perfeSlly  uniform  (300),  ^ thfeair/ denfuy 
the  point  of  fufpenfion  itnmoveable  (315),  and  the 

length  of  the  Pendulum  invariable  (316  to  373) ; 
fuch  changes  as  happen  in  the  density  of  the  air , 
feem  now,  the  only  remaining  caufe ,  that  can 
alter  the  length ,  or  time  of  Vibration. 

374.  I  therefore  proceed  to  enquire  into ,  the  Enquiry; 
comparative  effects  that  fuch  changes  may  have 

on  the  times  of  Vibration  performed  in  cycloidal 
and  circular  Arcs,  when  no  other  caufe  tends  to 
alter  their  times. 

375.  If  a  Pendulum  was  made  to  ofcillate  in 
an  exhaufted  receiver,  free  from  refiftance  of  any 
kind,  its  Vibrations  would  continue  equals  and 
ifochronal  (14), whether  performed  in  the  cycloidal 
or  circular  curve  :  And, 

Abfolute  gravity, 
in  what  cafe  the 
motive  force, 

bration 


376.  And  if  the  adtion  of  gravity,  on  fuch 
Pendulum ,  was  altered,  fo  would  its  tinges  of  Vi- 
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.Alteration  in  the 
a£tion  of  gravity 
will  not  alter  the 
length  of  Vibra¬ 
tion. 

Times  inverfely 
as  the  motive 
force. 


Comparative 
weight,  the  mo¬ 
tive  foice. 


In  a  non-refifting 
medium,  cycloidal 
and  circular  Vi¬ 
brations  are  on  a 
level. 


Not  fo  in  air. 
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bration  (17) ;  for  in  this  cafe,  the  abfolute  gra¬ 
vity  of  the  Pendulum ,  is  its  motive  force. 

377.  Nor  would  any  alteration  in  the  action 
of  gravity,  alter  the  length  of  the  Vibrations  ; 
for,  the  oppofition  to  its  afcent,  increafes  and  di- 
minilhcs  as  its  power  of  def cent. 

And,  the  velocity  of  fuch  Pendulum  will  be  as 
its  motive  force  ;  and  its  times ,  inverfely  as  the 
velocity  ;  i.  e.  inverfely  as  its  motive  force. 

378.  But  when  a  Pendulum  vibrates  in  any 
heavy  medium  ;  its  comparative  weighty  is  the 
motive  force  ;  i.  e.  the  weight  of  its  bulk  of  the 
medium,  being  deducted  from  its  abfolute  weight, 
the  remainder  only ,  is  its  motive  force  *.  "There - 

ore , 

379.  Any  alteration  in  the  denfity  of  the 
medium,  will  alter  the  motive  force  (378) ;  and 
if  fuch  medium  be  confidered  as  non-reffing ,  it 
will  not  alter  the  length  of  Vibration  (377)  ; 
confequently  every  alteration  in  its  denfity, 
would  by  altering  the  motive  force,  caufe  equal 
alteration  in  the  velocities  and  times,  of  fuch  Vi¬ 
brations  as  were  performed,  in  cycloidal  or  cir¬ 
cular  Arcs.  But, 

380.  Air,  being  a  refilling  medium  \  its  re~ 
fifl  ance  will  increafe.  &c.  as  its  denfity,  as  will 
the  effect  of  fuch  refiftance,  in  deftroying  the 

*  See  6th  Coro].  Prop.  24.  of  Sir  Isaac  Newton’s  Prin- 
cip.  Math.  Vol.  2. 


motion 
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nioiion  of  the  Pendulum  ;  and  contrasting  Its 
Arcs  of  Vibration  :  therefore,  thofe  alterations 
that  happen  in  the  refijlance  of  the  air  (ccmfider- 
ed  feparately)  do  not  afreet  the  times  *. 

381.  But,  the  Jhorter  Vibrations  in  circular 
Arcs  are  performed  in  lefs  time  than  the  longer 
(10)  :  therefore,  any  increafe  of  refijlance  of  the 
air,"  will ,  by  contracting  fuch  Arcs,  alfo  Jhorten 
the  times  of  Vibration :  and  this  efieSl  will  always 
be,  as  fuch  denfity  of  the  air \  300)  +. 

382.  Now,  fince  any  increafe  of  denfity  in 
the  air,  will,  independent  of  its  refijlance ,  pro¬ 
long  the  times  of  cycloidal,  as  well  as  circu¬ 
lar  Vibrations,  in  proportion  to  fuch  increafe  of 
denfity  (378)  ;  and  as  the  refijlance  of  the  air  is 
always  as  its  denfity ,  and  contracts  the  Arcs  of 
Vibration  in  the  fame  proportion ;  it  follows,  that 
in  circular  Arcs  the  refijlance  of  the  air,  con¬ 
tracts  the  times  of  Vibration  ( 1  9),  as  much,  as 
the  diminution  in  the  motive  force  of  the  Pendu¬ 
lum,  from  fuch  change  of  denfity,  prolongs  them 
f  378)  :  And  the  contrary. 
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Cycloidal  and 

CIRCULAR  V  I- 
BRATIONS  COM¬ 
PARED. 


The  alteration  in 
the  length  of  Vi¬ 
bration,  as  that 
in  the  denfity  of 
the  air. 


Circular  Arcs 
corredt  the  effedb 
of  fuch-  changes, 
as  happen  in  the 
denfity  of  the  aire 


*  See  notes  (238,  19). 

j  The  refiftance  of  the  air  doesfomewhat  more  prolong  the 
time  of  defcent,  than  it  contracts  the  time  of  afcent  of  a  Pen¬ 
dulum  *,  and  this1  difference  will  increafe,  or  dimimfk,  with  the 
total  refiftanc.e  of  the  air  in  each  Vibration  :  but  the  total  re¬ 
finance  to  Clock  Pendulums,  is  as  the  maintaining  power  (300) ; 
therefore,  the  former  will  be  uniform,  when  the  latter  is  to  - 
and  will  in  fuch4  cafe,  equally  affedt  the  time  of  each  Vibration  * 
which  uniform  eff'eff  is  corredted  in  the  length  of  the  Pendulum., 

383.  Hence 
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All  the  times  of 
Vibration  in 
Clocks  rendered 
ifochronal. 


Circular  Vibration 
better  than  cy¬ 
cloidal. 
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383.  Hence,  a  Clock-pendulum,  having  its 
motion  continued  by  a  maintaining  power  per¬ 
fectly  uniform  (300),  and  at  liberty  to  enlarge  its 
Arc  of  Fibration ,  in  proportion  to  the  diminu¬ 
tion  of  denfity  in  the  air ;  and  the  contrary  ;  will 
have  all  its  Vibrations  in  circular  Arcs ,  ifochro¬ 
nal  (382) ;  which  would  not  happen  in  the  cy¬ 
cloidal  curve  ;  in  which,  all  the  Vibrations  of 
whatever  lengthy  are  ifochronal  in  a  medium  of 
uniform  denfty  only ,  (379,  380).  And  thus  it 
appears,  that  in  Clock-pendulums,  Vibrations 
performed  in  the  Arc  of  a  circle  are  much  fupe - 
rior,  to  thofe  performed  in  the  cycloid ,  when  the 
maintaining  power  is  uniform,  and  the  denlity  of 
the  medium  fluctuating  *. 

CONCLUSION. ; 

Having  thus  endeavoured  to  inveftigate  fepa- 
rately,  the  effect  of  each  caufe,  that  I  imagine 
can  influence  the  performance  of  a  Clock  ;  and 
compared  fuch  effects,  with  their  caufes,  in  the 
prefent  ftate  of  Clock-work  :  I  am  therefrom  in¬ 
duced  to  expert  fo  much  amendment  in  the  per- 


*  What  is  here  objected  to  the  cycloidal  curve,  is  equally  ap¬ 
plicable  to  the  fri£tion  on  the  pallets ;  the  mod:  perfect  mode  of 
a  recoil,  or  any  caufe  whatever,  that  has  a  tendency  either  to 
render  the  Vibrations  of  more  equal  length  than  is  here  pro- 
pofed  *,  or  to  accelerate  the  Vibrations  more,  in  proportion  to 
their  length.  And  if  the  nature  of  pallets  is  not  fo  fully  confi- 
dered  in  this  Effay  as  the  reader  could  wifh,  it  will  be  further  ex¬ 
plained  in  the  next. 

y  4  formance, 


CLOCK-WORK. 

formance,  from  the  improvements  already  pro- 
pofed,  as  will  render  any  further  enquiry  into 
the  nature  of  pendulous  Vibrations,  of  no  mate¬ 
rial  fervice  to  the  immediate  improvement  of  Clock¬ 
work  ;  but  if  my  leifure,  was  equal  to  my  incli¬ 
nation  of  eftablifhing  a  practical  theory  of  Clock 
and  Watch- work,  and  rendering  it  of  general 
utility,  I  would  not  defift,  before  I  had  made 
fuch  number  of  experiments,  as  would  not  only 
illuftrate,  but  confirm,  the  truth  of  every  im¬ 
provement  propofed  in  this  Efiay  :  but  pru¬ 
dence  forbids  an  attempt,  that  requires  fo  much 
time,  expence,  and  application. 


End  of  the  Firji  EJfay. 
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Improvement  of  Watch-work. 
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WATCH-WORK. 


THE  PLAN. 


384.  T  T  BEING  UNIVERSALLY  ALLOWED,  that 

1  Watches  are  as  well  executed  as  Clocks , 
hut  meafure  time  worfe  ;  it  naturally  follows, 
that  the  defeat  arifes,  more  from  the  imperfec¬ 
tions  of  principle,  than  execution. 

385.  I  SHALL  THEREFORE  ENQUIRE, 

Wherein  do  Watches  differ  from  Clocks  f 

What  defeSl  will  arife  from  each  difference  f 

How  f  and  in  what  degree  f  may  thofe  defeSls 
he  remedied  ? 

386.  The  articles  wherein  Watches  differ  from 
Clocks  are, 

Fi  RS.T,  That  in  Clocks  ;  the  motion  is  ge¬ 
nerally  maintained  by  weight  ;  but  in  Watches 
by  fprings,— 


Watch-work. 


Errors  arife  from 
principle,  more 
than  execution. 

Enquiries. 


Watches  differ 
from  Clocks. 


Secondly, 
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Clocks  go  by 
weight, 
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Secondly,  That  in  Clocks,  the  motion  is  regu¬ 
lated  by  a  Pendulum  ;  but  in  Watches ,  by  a  Bah¬ 
ian ce  and fbiral  Spring. — 

Thirdly,  Clocks  are  not  capable  of  beginning 
their  own  Vibrations  ;  but  Watches  are. 

Fourthly,  Clocks  are  larger  than  Watches. 
And, 

Fifthly,  Clocks  are  fixed  in  their  place ; 
but  Watches  are  portable. 

387.  The  above  five  articles,  being  all  that 
occur  to  me,  wherein  Watches  differ  from 
Clocks ;  I  fhall  enquire  into  the  effedt  of  each 
article  feparately,  and  how  it  may  be  moll  effec¬ 
tually  removed. 

Clocks  go  hy  weighty  See. 

388.  The  firft  inconveniency  of  Springs,  is 
that  their  adtion  is  not  uniform,  but  diminifhes 
as  they  unbend  :  but  this  is  totally  remedied  by 
the  application  of  a  well  adjufted  Fusee. 

389.  Heat  and  cold,  contradl  and  dilate  all 
metals  ;  and  confequently  alter  the  elaftic  force  of 
Springs  in  fuch  manner,  that  their  exertion  is  not 
the  fame  at  all  times  ;  but  in  a  ftate  of  flu  (Hala¬ 
tion,  depending  on  the  temperature  of  the  air,  or 
the  degree  of  heat  or  cold  to  which  they  may 
oecafionally  be  expofed. 

390.  But  this,  evil ,  however  bad,  is  not  in¬ 
curable  \  for  the  feme  caufe  always  producing  the 

fame 


How  remedied. 
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fame  efied,  it  may  with  certainty  be  remedied  BV 

by  an  opposition  of  expanfion  ;  of  which  more  1 - Y - - 

when  I  treat  of  Thermometers. 

391.  I  have  {hewn  (155),  that  the  influence 
of  heat  and  cold  on  the  oil  applied  to  the  pallets, 

was  of  the  moft  pernicious  nature,  as  no  remedy  Application  of  oil 

1  _  1  r  •  1/  to  the  main  Springs 

could  be  applied  by  oppoiition  ;  the  fame  is  appli-  hurtful, 
cable  to  the  oil  applied  to  the  main  Spring ;  for  the 
coils  of  the  fpring  lying  in  many  places  in  contad 
with  each  other,  any  change  in  the  tenacity  of 
the  oil,  may  conflderably  alter  the  exertion  of 
the  Spring  on  the  Fufee  ;  and  confequently  the 
ad  ion  of  the  wheels  on  the  pallets. 

392.  But  the  ufe  of  oil  on  main  Springs  may  Rendered  un*e- 
be  difcontinued,  by  tapering  them  more  towards  celPary' 

the  inner  end  ;  by  which  means  the  exterior 
coils  being  thickeft,  will  lboneft  unbend ;  and 
the  exertion  of  the  Spring  will  become  progref- 
flve  from  its  outer,  to  inner  end,  and  one  coil 
only  act  at  a  time  ;  which  will  prevent  all  rub- 
ing,  and  render  the  application  of  oil  entirely 
unnecefiary.:  hence  its  adion  may  (390)  be  ren¬ 
dered  fo  uniform,  that  the  greateft  effed  of  any 
remaining  irregularities,  cannot  be  perceived  in 
the  performance  of  a  Watch. 

393.  It  may  poflibly  be  objeded,  that  the  Objection  to  ta- 
thicknefs  of  fuch  Springs  may  render  their  tern-  p''uns  Spnngs' 
per  lets  per  fed  at  the  external,  than  the  internal  Anfwered. 
end;  but  it  fhould  alfo  be  remembered,  that  the 

exterior  parts  ot  all  Springs  are  bent  round 

R  larger 
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lllufbatiotK 


larger  cylinders,  than  the  interior,  and  therefore, 
require  lefs  perfedt  elafticity  ;  and  if  due  care  be 
taken  that  Springs  be  made  as  broad  as  the  fpace 
admits,  and  no  part  of  their  power  mifapplied ;  I 
am  apt  to  think  that  no  fenhble  inconveniency 
or  difadvantage  will  attend  the  necdlary  thick- 
nefs  :  but  even  admitting,  that  thicker  Springs 
are  more  liable  to  break,  than  thinner  ones  ; 
that  which  gives  the  mod  per  left  performance 
while  it  lads,  is  in  many  cafes  to  be  preferred. 

394.  When  I  examined  the  properties  of  Mr. 
Hugens’s  method  of  removing  the  ededts  of  any 
irregularities  of  adtion  in  the  main  Spring  (216, 
to  223),  I  propofed  refuming  that  fubjedt,  in 
order  to  enquire,  whether  that  ingenious  contri¬ 
vance  would  have  an  equal  effeEl  in  portable 
machines,  as  it  was  there  allowed  to  have  in 
Spring  Clocks  that  remain  in  their  place  (221). 
The  reader  will  pleafe  to  remember^  That 

395.  The  chief  ad vantage  acquired  in  the  former 
cafe,  was  owing  to  the  fwing  wheel  being  mov¬ 
ed  by  a  fmall  weight  (216) ;  which  would  have  a 
direSl  contrary  effeEl  in  a  portable  machine,  of  what¬ 
ever  condrudtion :  for  the  adtion  of  the  weight  on 
the  fwing  wheel,  would  no  longer  remain  uni¬ 
form,  but  depend  in  a  great  meafure  on  the  di¬ 
rection  and  velocity,  with  which  the  machine 
was  moved. 

396.  Example.  If  a  heavy  body  falls  freely, 
it  will  defcend  nearly  fixteen  feet  in  a  fecond  of 


time : 


\  *> 

1  ~  J 
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time  :  but  if  two  bodies  fall  together,  and  with  Watch'es  bv 

T  •  1  n  SPRINGS. 

equal  velocities,  they  will  be  relatively  at  reft  ;  1 - — , - > 

nor  can  the  one,  have  the  leaf!  tendency  to  draw 
or  propel  the  other  ;  and  thus,  is  the  action  of 
the  fmall  weight  on  the  living  wheel  diminifhed, 
in  proportion  to  the  velocity  with  which  the 
whole  machine  defcends ;  and  the  contrary ;  by 
which  means,  Mr.  Hugens’s  method  of  winding 
up  his  Marine-clocks  every  half  minute,  intro¬ 
duced  greater  irregularities  in  their  maintaining 
power  (while  at  fea),  than  could  arife  from  all 
the  other  imperfections  of  Spring  Clocks  taken 
together. 

397.  Let  us  then  fuppofe,  a  Spring  or  Springs,  Springs  fubftitutti 
fubftituted  for  the  weight  ;  it  is  obvious ,  that  ‘or  wu&1""’' 
every  inconveniency  arifing  from  the  motion  of 
the  whole  machine ,  will  be  removed  ;  but  thole 
Springs,  being  as  fubjedt  to  the  influences  of 
heat  and  cold,  as  the  main  Spring,  will  be  no 
improvement  in  this  refpeCt  ;  for  if  any  degree 
of  heat  or  cold  fhould  alter  the  exertion  of  thofe 
fmall  Springs  on  the  Ballance  wheel,  fuppofe  po¬ 
part  of  their  whole  force,  it  will  affeCt  the  times 
of  Vibration,  as  much ,  as  if  the  main  Spring  No  advantage.* 
had  added  on  the  Ballance  wheel,  (without  the 
interpofltion  of  fuch  fmaller  fprings)  and  un¬ 
dergone  an  alteration  of  a  7—  part  of  its 


whole  force :  for  in  either  cafe ,  there  is  an  alte¬ 
ration  of  part  of  the  whole  maintaining  power  ; 

and  it  was  fhewn  formerly  (80),  that  the  altera- 

R  2  lion 


124 

Clocks  go  by 
wbight. 


Thefe  fmall 
Springs  more  in¬ 
fluenced  than  the 
main  Spring. 


No  more  than  a 
200th  of  the  in¬ 
fluence  of  the  oil 
.  can  be  thus  re¬ 
moved. 


IMPROVEMENT  OF 
tion  in  the  meafure  of  time  depends,  C c.  p.)  on 
the  alteration  in  the  maintaining  power  :  there¬ 
fore  the  performance  of  the  Watch,  will  be  no 
ways  improved  by  the  above  means.  And , 

398.  If  this  method  of  frequent  winding  up, 
does  in  portable  machines,  remove  the  influence 
of  heat  and  cold  on  the  main  Spring  :  it  intro¬ 
duces  another  effedt,  that  is,  in  every  cafe  equal 
to  it  (397),  and  fuperior  in  many ;  for,  thole 
Springs  that  propel  the  Ballance  wheel,  being  fo 
much  more  flender  and  expofed  than  the  main 
Spring,  are  influenced  by  many  fuch  changes  of 
heat  and  cold,  as  have  not  fufficient  duration  to 
affedt  the  main  Spring  ;  and  therefore,  if  we  only 
regard  the  influence  of  heat  and  cold  on  the 
Springs,  this  method  is  hurtful. 

399.  I  have  already  fhewn  (392),  how  to 

evade  the  ufe  of  oil  on  the  main  Spring  ;  and 
if  the  influence  on  all  the  pivots,  thofe  of  the 
Ballance  and  its  wheel  excepted,  be  removed 
by  the  difengaging  all  the  wheels  but  one  ;  it 
has  been  already  fhewn,  that  fuch  part  of  the  in¬ 
fluence  of  the  oil,  is  to  its  whole  influence,  even 
in  Clocks  \  only  as  one  to  199,  (221) :  but  it  will 
ftill  bear  a  much  lefs  proportion  to  the  whole, 
in  Watches,  where  the  influence  on  the  Ballance 
pivots,  and  pallets,  become  much  more  conflde- 
xable  on  account  of  the  greater  angles  and  num¬ 
ber  of  Vibration,  as  well  as  the  greater  num¬ 
ber  of  wheels.  ; 

400,  But 
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400,  But  admitting,  that  a  200th  part  of  the  w™J0ssBy 

influence  of  the  oil,  fhould  be  removed  by  this  ' - ■r - > 

means,  a  much  greater  advantage  might  be  gain-  Much  more  ad- 
ed,  by  applying  fuch  part  of  the  adion  of  the  * 

main  Spring  as  is  in  the  above  cafe  loft  ;  for  by  fuch  maintaining 
means,  the  influence  of  the  oil  would  be  dimi-  powcr' 
niflied  in  the  inverfe  duplicate  proportion  of  the 
maintaining  power  (162) :  for,  if  a  fifth  part  of 

the  adion  of  the  Spring  be  thus  loft,  the  effed  of 
the  influence  of  the  oil  (on  the  meafure  of  time), 
with  the  remaining  four  fifths,  will  be  to  its 
effed,  with  the  whole  adion  of  the  Spring,  as 
25  to  16*;  from  which  it  evidently  appears, 
that  fo  far  as  relates  to  the  influence  of  the  oil, 
the  advantage  gained,  by  applying  the  whole  ex¬ 
ertion  of  the  main  Spring  to  the  pallets ,  is,  to  the 
advantage  gained,  by  difengaging  the  wheels, 
nearly  as  200  to  3, 

401.  It  has  been  already  fhewn  (398),  that,  Recapitvla- 
fo  far  as  it  regards  the  influence  of  heat  and  TI°  ’ 

cold  on  Springs,  this  contrivance  is  hurtful ; 
that,  fo  far  as  relates  to  the  influence  of  the  oil,  it 
has  no  better  effed  (400);  and  that,  unlefs  the  pe¬ 
riodical  fluduations,  in  the  adion  of  the  wheels, 
have  a  fenfible  effed  on  the  meafure  of  time  du- 


-  *  For  it  appears  that  by  increafing  the  motive  force  of  the 
wheels,  as  5  to  4,  the  influence  of  the  oil  is  diminiflied  as 
16  to  25,  that  is,  fomewhat  more  than  a  third  :  but  by  difen¬ 
gaging  the  wheels  (however  frequent)  only  a  200th  part  of 
the  influence  can  be  removed, 

ring 
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ring;  the  a&ion  of  one  tooth,  it  never  increafes 
( 5  4) :  and  even  admitting,  that  fuch  periodical 
fluctuations  in  the  maintaining  power,  were 
hurtful ;  thofe  that  happen,  by  unlocking  the 
winding  up  part,  in  the  above  cafe,  are  not  lefs 
fo,  than  thole  of  the  wheels  and  pinions. 

402.  There  does  not  then  appear,  the  fmall- 
eft  fhadow  of  improvement,  by  thus  difengaging 
any  number  of  the  wheels,  in  portable  machines  of 
any  kind  :  on  the  contrary  ;  by  rendering  thole 
periods  of  winding,  more  frequent,  than  will 
require  the  Springs  that  propel  the  Ballance 
wheel,  each  as  thick  as  the  Ballance  Spring,  the 
performance  mull;  be  hurt*  ;  and  in  30  hour 
Watches  whofe  Ballance  Springs  are  of  a  proper 
Axength,  the  above  rule,  will  not  even  admit 
of  detaching  one  Angle  wheel,  much  lefs,  of 
winding  up  every  half  minute  ;  therefore ,  we 
may  to  good  purpofe  in  all  portable  machines  fave 
that  labour,  which  this  method  of  difengaging 
the  wheels  would  occafion. 

403.  The  method  which  I  have  given  (300) 
for  rendering  the  maintaining  power  in  Clocks 
perfectly  uniform  ;  would  in  portable  machines 
be  liable  to  the  fame  inconveniencies  :  hence  it 
would  appear,  that  in  this  refpect,  Watch- work 
mu  ft  ever  be  inferior  to  Clocks  :  though,  by  a 


*  This  article  will  be  explained,  when  i  hermometers  are 
treated  of. 

due 
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due  attention  to  what  has  been  faid  in  the  for-  Watches  by 

SPRINGS. 


mer  Effay  relative  to  the  maintaining  power, 
and  a  judicious  application  of  a  Thermometer, 
the  a&ion  on  the  pallets,  in  Watch-work,  may¬ 
be  made  to  difturb  the  times  of  Vibration,  as  little 
as  it  generally  does  in  Clocks.  But, 

404.  He  who  prefers  experiment  to  demon-  Experiment,  an4 
fixation  may  receive  no  fmall  fatisla&ion,  relative  Contluflon* 
to  the  errors  that  arife  from  all  the  imperfections 
of  main  Springs,  even  in  their  prefent  ftate,  by 
comparing  together  the  performance  of  two 
Clocks  ;  the  one  with  a  weight,  the  other,  with  a 
Spring  :  and  I  will  venture  to  affert  from  trials 
I  have  made  ;  that ,  if  the  maintaining  power, 
angle  of  V ibration ,  and  weight  of  the  Pendulum 
&c,  be  made  equal  in  two  fuch  Clocks  ;  their 
performance  will  prove  ;  that  a  very  fmall  fart 
only ,  of  the  errors  of  TVi atch-work ,  is  owing  to  the 
imperfeBims  of  the  main  Spring  ;  even  where  no 
\ Thermometer  is  ujed  to  count  eraB  it*. 


*  Does  not  the  fame  heat  that  lengthens  the  main  Spring 
and  chain,  render  the  oil  on  the  pivots  more  fluid,  and  increafe 
the  diameter  of  the  Fufee  ?  by  which  means,  it  feems  to  me  more 
than  probable,  that  the  exertion  on  the  pallets  is  rendered  more 
uniform,  than  if  the  adion  of  the  main  Spring  was  fubjed  to 
no  alteration  from  heat  or  cold :  for  thofe  contrary  effeds  tend 
to  corred  each  other* 


Clocks 
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Plan  of  enquiry. 
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Watches  by  a  Ballance  and  Spring . 

405.  In  order  to  inveftigate  this  matter  pro¬ 
perly,  it  is  neceffary  carefully  to  compare  the 
Ballance  and  its  Spring,  with  a  Pendulum  ;  and 
enquire,  how  far  they  fhare  the  fame  proper¬ 
ties  :  in  order  to  which,  I  (hall  here  recapitulate 
the  general  properties  of  the  detached  Pendulum , 
as  Hated  in  the  foregoing  Efiay ;  that  it  may  the 
more  clearly  appear,  in  what  refpedts  thofe  of  the 
Ballance ,  do  either  agree  with,  or  differ  from 
them. 

First  Property  of  a  Pendulum. — 

406.  That,  if  once  put  in  motion,  it  would 
ever  continue  to  vibrate,  if  no  external  caufe 
tended  to  deftroy  its  motion. 

7 "he  cafe  is  fimilar  in  the  Ballance ;  for  the 
Spring  in  unbending ,  would  communicate  as  much 
motion  to  the  Ballance,  as  would  enable  it,  (by 
means  of  its  vis  viva)  to  bend  the  Spring  as  much 
in  a  contrary  direSlion.  Hence ,  it  would  vibrate 
without  diminution ,  &c. 

Second  Property  of  the  Pendulum. — 

407.  All  its  equal  Vibrations  would  be  per¬ 
formed  in  equal  times. 

The 
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The  fame  would  happen  with  the  Ballance  and  ^G"' 

Spring :  becaufe  the  motive  force  and  fpace  de-  Pendulum,  &c. 
fcrihed ,  remained  unalterably  the  fame  (406). 

Third  Property  of  the  Pendulum  - — 

408.  Its  momentum  (in  circular  Vibrations)  Third  property  of 

|  1 r*  t 7*1  .  *  the  I  enaulum, 

is  as  the  verfed  line  of  its  angle  of  Vibration, 
into  its  quantity  of  matter  :  but  it  increafes  fome- 
what  quicker,  towards  the  extremities  of  cycloi¬ 
dal  Vibrations ;  in  which,  the  exertion  of  gravity 
on  the  Pendulum,  is  conftantly  as  its  difiance 

from  the  point  of  reft  *. 

In  the  Vibrations  of  the  Ballance,  the  exertion  of 
the  Spring,  is  alfo  conftantly ,  as  the  diftance  of 
the  Ballance  from  its  point  of  reft  -f ;  and  there -  m  m 

fore  its  Vibrations ,  naturally  have  the  properties 
of  the  cycloidal  Pendulum ,  ofcillating  in  a  medium 
of  unalterable  denfttyX  ;  and  their  momenta  and 
velocities ,  at  different  diftances  from  the  point  of 
reft ,  &C.  are  to  be  eftimated  in  the  fame  manner. 

Fourth  property  of  the  Pendulum. — 

409.  Thofe  of  equal  length,  though  unequal  Fourth  property  ©f 
weight,  will  (c.  p.)  perform  their  Vibrations  thePenduium- 
in  equal  times. 

Likewife  all  Ballances  wherein  the  vis  inlita  and  Equalled  in  the  Ba!~ 
ftrsngth  of  the  Spring  have  the  fame  proportion  ; 


*  See  Sir  Isaac  Newton’s  Prin.  Prop.  53. 

+  See  Dr.  Hook’s  Theory  of  Springs. 

X  For  fuch  changes  as  happen  in  the  denfity  of  the  air,  do 
not  alter  the  motive  force  of  the  Ballance,  as  they  do  that  of 
the  Pendulum  (379). 


s 


will 
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will  (c.  p.)  perform  their  Vibrations  in  equal 
times. 

Fifth  property  of  the  Pendulum.  — 

410.  They  alter  their  times  of  Vibration  in 
different  latitudes  :  (becaufe  gravity  is  altered 
without  the  vis  infita)\. 

A  Ballance  will  alfo  alter  its  times  of  Vibration , 
if  the  Jlrength  of  its  Spring  be  altered ;  without 
altering  its  weight  or  fize  *. 

4 1 1 .  In  the  vibrating  Pendulum  ;  gravity  is 

made  by  means  of  the  vis  in  fit  a,  to  counteract 
itfelf :  the  Ballance  Spring  is  alfo  made  to  coun¬ 
teract  itfelf  in  each  Vibration,  by  means  of  the 
vis  infita  of  the  Ballance  ;  and  thus,  by  having 
the  effeSl  changed  into  the  caufe ,  in  each  Vibra¬ 
tion  ;  we  have,  in  the  vibrating  Pendulum,  and 
in  the  Ballance  and  Spring,  the  moil  perfect 
equilibrium  of  action  and  re-action,  that  nature 
can  produce  f :  what  can  be  more  equal  than  any 
power  to  itfelf  f  412.  Thus 


^  In  the  Pendulum,  gravity  is  the  motive  force  •,  and  in 
Ballance,  the  Spring :  the  vis  infita  is  the  refinance  in  each  : 
and  the  contrary :  therefore,  when  the  motive  force  is  in  each, 
as  the  refiftance,  the  velocities  and  times  muft  be  equal.  Hence 
it  alfo  happens  that  ( c.  p.)  the  Ballance  meafures  the  fame  time 
in  all  latitudes. 

*  Here,  by  altering  the  weight,  is  ftri&ly  meant,  altering 
the  vis  inertia  ;  for  the  Vibrations  of  a  Ballance,  whofe  center 
of  gravity  coincides  with  its  center  of  motion,  have  not  the 
lead;  dependence  on  gravitation,  otherwife  it  would  alter  its 
times  in  different  latitudes,  as  well  as  the  Pendulum. 

X  For  this  reafon  the  vibrating  Pendulum  and  the  Ballance 
and  Spring  will  always  meafurc  time  better  than  fuch  as  perform 

1  whole 
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412.  Thus  we  find ;  that  the  Ballance  and 
Spring ,  are  in  full  poffefiion  of  all  thofe  proper¬ 
ties  of  the  Pendulum,  on  which  the  ifochronifm 
of  the  Vibrations  depend  :  the  vis  infita,  hav¬ 
ing  the  fame  effed  in  each  ;  and  the  Spring  pro¬ 
ducing  that  effed  in  the  Ballance ,  that  gravity 
does  in  the  Pendulum.  Therefore, 

413.  All  that  has  been  faid  in  the  former  Ef- 

fay,  relative  to,  the  length  of  Vibrations  (41, 
47);  weight  of  the  Pendulum  (79,  80);  quan¬ 
tity  of  maintaining  power  (161,  162)  ;  influences 
of  the  oil  (163,  164) ;  and  conflruSlion  of  pal¬ 
lets,  (189,  239,  263)  ;  is  as  applicable  to 

Watches ,  as  Clocks* *,  and  need  not  here  be 
repeated :  but  as  the  feveral  articles  wherein 
Watches  differ  from  Clocks  (386)  require  fome 
confiderations  in  the  improvement  of  the  former , 
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All  that  has  been 
faid  relative  to  the 
Pendulum,  is 
equally  applicable 
to  the  Ballance, 


whole  revolutions :  and  where  the  centrifugal  force  is  made  to 
corredt  the  velocity  :  for  in  this  cafe,  any  alteration  in  the  mo¬ 
tive  force  will  require  a  new  adjuftment  of  thefe  two  powers, 
which  cannot  take  place  till  the  change  of  velocity  make  fuch 
an  alteration  in-  the  centrifugal  force  as  can  overcome  fome  fmall 
degree  of  fridtion  :  therefore  the  motive  force  may  remain  for  a 
confiderable  time,  either  too  great  or  fmall,  for  the  refiftance,  to 
render  the  revolutions  ifochronal ;  and  here  the  moft  trifling 
error  may,  by  conftant  accumulation,  become  great  (248)  : 
whereas  in  the  common  Pendulum,  there  is  a  new  adjuftment  of 
the  motive  force  and  refiftance,  at  the  point  of  reft  of  each  Vi¬ 
bration  where  the  effedt  is  always  changed  into  the  caufe. 

*  Obferving  always,  that  what  is  faid  in  the  One  of  the 
mode  or  quantity  of  the  exertion  of  gravity  on  the  Pendulum, 
is  to  be  underftood  in  the  Other ,  of  the  exertion  of  the  Ballance 
Spring. 

S  2 


that 
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that  were  totally  unneceffary  to  the  latter  ;  I 
fhall  endeavour  to  point  out,  in  what  cafes,  thofe 
additional  improvements  co-operate  with,  or 
counteract,  thofe  already  propofed. 

414.  It  has  been  already  obferved  (403),  that 
the  maintaining  power  can  never  be  rendered  fo 
uniform  in  Watches  as  it  may  in  Clocks :  but 
admitting  the  natural  ifochronifm  of  the  Ballance 
(408),  pallets  may  be  fo  conftrudted,  as  to  cor¬ 
rect  the  ejfeB  of  any  changes  of  the  maintaining 
power  ;  by  prolonging  one  half  of  the  time  of  Vi- - 
bration^  as  much  as  the  other  is  contradted  : 
which  will  have  the  fame  effedt  on  the  mea- 
fure  of  time  ;  as  rendering  the  maintaining  power 
perfeSlly  uniform. 

415.  But  let  us  now  enquire,  whether  there 
are  any  probable  reafons,  why  the  Ballance  may 
not  have  the  fame  advantages,  in  practice  as  in 
theory. 

416.  In  the  theory  of  the  Ballance  (408), 
the  adtion  of  the  Spring  was  conftdered,  as  an  in¬ 
nate  property  of  the  Ballance  ;  whofe  exertion 
was  in  every  part  of  the  Vibration,  as  the  dif- 
tance  of  the  Ballance  from  its  natural  point  of  reft : 
but  no  regard  was  paid  to  the  effedts  that  might 
arife  from  the  vis  infita ,  or  fioape  of  a  Spring, 
adting  in  a  fpiral  diredtion. 

417.  If  all  the  matter  of  the  Ballance  Spring 
was  colledted  into  a  circle,  concentric  with  the 
Ballance^  its  vis  infita  would  have  a  ftmilar  ef¬ 
fedt 
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fed  to  that  of  the  Ballance ;  and  would  tend  to  ^^hes  by  a 
promote  the  adion,  in  the  one  half  of  the  Vi-  Spring. 
bration,  as  much  as  it  oppofed  it,  in  the  other ;  ^ 

and  confequently ,  no  part  of  the  exertion  of  the 
Spring  would  be  loft,  or  deftroyed  by  its  means. 

But  from  the  fpiral  form  of  the  Ballance  Spring, 
the  vis  injita  of  all  its  parts,  have  contrary  ten¬ 
dencies,  and  fo  deftroy  each  other’s  effeds ;  fo 
that  it  cannot  promote  the  bending  as  much,  as 
it  retards  the  unbending :  and  thus  is  a  part  of 
the  exertion  of  the  Spring  loft  in  each  Vibration, 
which  muft  prolong  the  times.  But 

418.  The  part  loft  of  the  exertion  of  the  The  exertion  loft 

Spring  is,  (c.  p.)  as  the  mean  motion  of  all  the  vibratlonfHeLs 
particles  of  the  Spring  taken  together  :  hence  it  the  !ong«  ones 

I  T  O  O  flnwoft- 

muft  increafe  with  the  angle  of  Vibration  3  and 
fuch  prolongation  of  times  as  it  occaftons,  muft 
be  greater,  in  the  longer  Vibrations  than  the 
fhorter ;  and  this  I  imagine  is  the  cafe,  in  de¬ 
tached  Bailances  with  Springs  of  equal  thicknefs. 

But 

41 9.  If  the  Spring  be  rendered  thinner  towards  The  Vibrations 
its  inner  end,  the  mean  motion  of  its  parts,  will  ['nc^rroe^almore 
bear  a  lefs  proportion  to  the  angle  of  Vibration  ; 

and  confequently,  the  longer  and  fhorter  Vibra¬ 
tions  will  thereby  be  rendered  more  ifochronal ; 
and  the  fame  is  true  of  all  the  other  means ,  by 
which,  the  mean  motion  of  the  Ballance  Spring 
may  be  diminifhed  (418).  But 


420.  As 
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420.  As  the  Spring  muft  have  fome  degree  of 
motion  in  any  Vibration  whatever  the  above 
confideration  alone ,  can  never  render  the  Vi¬ 
brations  truly  ifochronal  (418). 

421.  But  the  longer  Vibrations  are  rendered 
quicker  in  proportion  to  the  fhorter,  with  taper¬ 
ing  Springs,  on  account  of  their  mode  of  adfion, 
as  well  as  the  diminution  of  the  vis  inert  ice. 
Thus 

422.  If  any  power  be  applied  to  a  Ballance, 
which  tends  to  bend  its  Spring,  the  thinned;  part 
thereof  will  be  fooneft  bent ;  therefore  a  taper¬ 
ing  Spring  will  begin  to  bend  at  its  inner  end, 
and  as  the  refinance  of  its  thinner  parts  increafe 
(408),  the  thicker  parts  are  bent :  by  which 
means,  the  exertion  of  a  fpiral  tapering  Spring 
in  bending,  is  at  lead:  in  fome  degree,  progreffive 
from  its  thinnejl  to  its  thickejl  end ;  and  in  un¬ 
bending,  the  contrary. 

423.  It  is  evident,  that  the  mode  of  exertion 
of  a  tapering  fpiral  Springs  is  different  from  that 
of  a  ftraight  Spring  of  equal  lengthy  and  taper , 
where  the  power  is  applied  at  right  angles  to  the 

424.  But 


*  The  exertion  of  any  power  applied  at  the  inner  end  of  a  ta¬ 
pering  Spring,  on  any  part  of  fuch  Spring,  may  be  reprefen  ted 
by  two  lines  meeting  at  fuch  part  of  the  Spring  •,  the  one  at 
right  angles,  the  other  attangent  to  it  :  from  which  it  is  evident, 
that  fuch  part  as  is  reprefented  by  the  line  attangent,  can  have 

no 


« 
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424.  But  the  exertion  of  a  Spring  is,  ( c.p .) 
as  its  thicknefs ;  therefore  (422),  the  exertion  of 
a  fpiral  tapering  Spring,  will  increafe  more  in 
proportion  to  the  fpaces  to  which  it  is  bent,  than 
that  of  a  Spring  of  equal  thicknefs. 

425.  Hence,  the  longer  Vibrations  of  a  Bal- 
lance  will  be  quicker  in  proportion  to  the  porter 
ones ,  with  tapering  Springs,  than  thofe  of  equal 
thicknefs  :  Therefore^ 

426.  There  muft  be  a  certain  degree  of  ta¬ 
pering  of  the  Ballance  Spring,  that  will  render 
the  Vibrations  as  ifochronal,  as  if  the  Spring  was 
of  equal  thicknefs ,  and  deprived  of  its  vis  inertice 
(417).  And  this  lam  alfo  induced  to  believe 
by  obfervation,  as  well  as  theory  :  and  moreover , 
that,  by  tapering  the  Ballance  Spring  beyond  the 
due  pitch,  the  longer  Vibrations  of  the  detached 
Ballance,  may  be  rendered  quicker  than  fhorter 
ones. 

427.  And  though  it  may  be  impoflible  to  deter¬ 
mine  by  calculation,  theexadl  fhape  that  will  give 
the  above  property  ;  it  may  not  be  fo  difficult, 
to  manufacture  many,  that  will  have  the  fame 


no  effect  on  the  bending  that  part  of  the  Spring,  but  ads  like  a 
cord  in  bending  fome  other  part  of  it,  at  the  diftance  of  a  quar¬ 
ter  of  a  turn  from  that  point :  and  thus  may  a  weaker  part  of  a 
fpiral  Spring  be  made  to  bend  a  thicker,  v/ithout  being  fo  much 
bent  itfelf  as  if  the  Spring  was  ftraight :  and  this  accelerating 
effed  of  a  tapering  Spring  will  increafe  with  the  fize  of  the  col¬ 
let  to  which  it  is  attached. 
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property, 
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property,  when  fuch  fhape  has  been  once  found : 
and  it  may  be  afcertained  by  trial,  whether  fuch 
property  is  fufficiently  perfect  before  they  be  ap¬ 
plied  to  a  Watch. 

428.  And  thus  it  would  appear,  that  even  in 
practice,  all  the  properties  of  the  cycloidal  Vi¬ 
brations  of  the  Pendulum  in  a  medium  of  uni¬ 
form  denfity  may  be  given  the  Ballance  and  fpiral 
Spring.  ‘Therefore , 

429.  The  great  dilparity  in  the  performance 
of  Clocks  and  Watches,  cannot  be  owing  to 
the  former  being  regulated  by  a  Pendulum,  and 
the  latter ,  by  a  Ballance  and  fpiral  Spring  :  we 
therefore  come  to  confider ,  the  third  article  where¬ 
in  tVi atehes  differ  from  Clocks. 

Clocks  are  not  capable  of  beginning 
their  own  Vibration  :  but  Watches 
,  are . 

430.  If  the  adtion  of  the  fwing  wheel  was 
greater  than  that  of  gravity  on  a  Clock  Pendu¬ 
lum  ;  fuch  Clock  would  begin  its  own  V ibra- 
tions  :  but  as  no  Clocks  do,  we  may  juftly  in¬ 
fer,  that  in  all  of  them,  the  adtion  of  gravity 
has  more  influence  on  the  Pendulum,  than  the 
adtion  of  the  wheels  has. 

431.  All  Watches  begin  their  ownVibrations, 
becaufe  the  adtion  of  the  wheels  is  equal  to  that 

of 
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of  the  fpiral  Spring;  on  the  Ballance  when  the  Watches  by  a 
wheel  efcapes  the  pallets  (486).  And  therefore  Spring. 
Watches  are,  in  this  refpeCl,  only  on  a  far  with  v 
Clocks  having  fuch  light  Pendulums  that  they 
would  begin  their  own  Vibrations  (413). 

432.  Let  fuch  a  Clock  be  made  with  an  equal  p0x|d"&ecM  p!0' 
maintaining  power  as  in  Watches,  and  its  perfor¬ 
mance  will  prove,  that  no  fmall  part  of  the  im¬ 
perfections  of  Watch- work,  is  owing  to  too  fmall 
maintaining  powers  (164)  ;  and  the  itill  fmaller 
proportion,  that  the  momentum  of  the  Ballance 

aears  to  them  (80,  81,  4x3,  487). 

433.  It  is  univerfally  allowed  that  the  lighteft  Hiuftration. 
Pendulum  has  all  the  natural  properties  of  the 
heavieft  :  but  will  any  affert,  that  one  of  an 

ounce  weight,  will  ( c.  p.)  have  the  fame  effeCt 
in  correcting  any  irregularities  of  the  maintaining 
power,  as  one  of  many  pounds  :  and  is  not  the 
cafe  exa&ly  Jimilar  with  a  Ballance  and  Spring  ? 

(413)* 


434.  I  fhall  hereafter  have  occalxon  to  en¬ 
quire  into  the  feveral  ways  of  augmenting  the 
momentum  of  the  Ballance,  when  it  will  appear, 
that  in  every  cafe,  the  advantage  increafes  with 


The  advantage  in¬ 
creafes  with  the 
ftrength  of  the 
Ballance  Spring, 
&c. 


*  I  fhall,  in  an  after  part,  confider  the  improvements  that 
muft  yet  be  made,  before  the  momentum  of  the  Ballance  can  be 
much  augmented  in  Pocket-watches,  with  one  Ballance,  further 
than  by  augmenting  the  maintaining  power  and  angle  of  Vibra¬ 
tion,  and  diminifhing  the  angle  of  fcapement, 

T  the 


1 
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the  ftrength  of  the  Ballance  Spring  :  though  not 
equally  in  all  cafes  *. 

435.  Having  here  pointed  out,  one  of  the 
greatef  caufes  of  error  in  the  performance  of 
l Patches I  now  come  to  the  fourth  article ; 
wherein  they  differ  from  Clocks. 

Clocks  are  larger  than  Watches. 

<3 

436.  Here  alfby  Clocks  have  the  advantage 
of  portable  machines,  wherein  the  fize  is  limit¬ 
ed  :  as  they  admit  of  fironger  maintaining  powers, 
and  greater  momentum  in  the  Pendulum. 

437.  For  the  fame  reafon  ;  a  larger  Watch 
will  perform  better  than  a  fmaller  :  for,  though 
the  maintaining  power  may  bear  the  fame  pro¬ 
portion  to  the  weight  of  the  Ballance  in  each  j 
the  influences  oj  the  oil  will  always  bear  the  great- 
eft  proportion  to  the  leaft  maintaining  power  (1 6 1 
to  164)  :  therefore,  the  greateft  care  is  to  be 
taken,  to  acquire  in  all  W atches  as  great  a  main¬ 
taining  power  as  circumftances  can  admit  ; 
which  of  courfe  increafes  the  momentum  of  the 
Ballance,  by  which  means  a  double  advantage  is 
gained  (162,  490). 

438.  As  to  the  wheels  ;  they,  only  ferving  to 
tranfmit  the  aSlion  of  the  main  Spring  to  the  Bal- 


*  Since  all  that  has  been  faid  relative  to  the  exertion  of  the  Bal¬ 
lance  Spring  is  equally  applicable  to  the  exertion  of  gravity  on  the 
Pendulum  (413)  ;  it  follows,  that  the  more  the  Arc  of  Vibration 
of  a  Pendulum  approaches  a  fhraight  line,  i.  e.  the  fhorter  the  Arc 
(See  Plate  12.  Fig.  2.)  the  worfe  the  performance  of  the  Clock. 

lance , 


ginary. 
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lance ,  and  to  number  its  Vibrations  ;  ffiould  be  larger  mw 
jnade  no  larger  or  heavier,  than  is  abfolutely  ne-  Watches. 
cefiary,  to  perform  their  refpedtive  offices  with  v 

fafety  ;  and  the  judicious  mechanic  may  difplay 
his  Ikill,  by  duly  proportioning  the  ftrength  of 
each  wheel,  and  the  feveral  parts  thereof,  to  the 
preflure  it  has  to  fuftain. 

439.  Some  are  inclinable  to  think,  that  The  advantage  of 
great  advantage  is  gained  by  having  large  wheels,  large  Whce!i  iaiA" 
as  they  may  be  executed  with  greater  accuracy  : 
but  when  the  theory  of  wheel-work,  and  the 
proper  methods  of  execution,  are  thoroughly  un¬ 
derflood,  this  imaginary  advantage  will  vaniffi. 

440.  But,  the  difadvantages  of  large  heavy  Difadvantages  of 
wheels ,  are  of  more  weight,  for  heavier  wheels  re-  ^ r,etls* 
quire  thicker  pivots,  which  increafes  the  influence 
of  the  oil  in  proportion  to  the  flze  of  the  pivots  ; 
and  the  friction,  in  the  proportion  to  the  flze  ol 

-  the  pivots,  and  weight  of  the  wheel,  jointly ; 
which  diminiffies  the  maintaining  power :  as 
does  alfo,  the  vis  inertia  of  the  wheels  ;  which 
increafes  as  their  weight,  and  is  to  be  overcome 
at  each  Vibration  of  the  Baliance. 


441.  On  the  whole  it  appears ;  that,  the  more  Concluflon,  &c. 
Watches  approximate  Clocks  in  point  of  main¬ 
taining  power,  and  momentum  of  the  Baliance, 
the  more  is  their  performance  improved  (41  3)  : 
and  that,  though  an  increafe  of  external  flze  is 
necelfary  to  acquire  thofe  advantages  ;  it  is  not 
always  a  certain  proof  of  their  being  acquired. — 

T  2  I  now 


I 
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I  now  come  to  the  fifth  article ,  wherein  Watches 
differ  from  Clocks. - 

Clocks  are  fixed  in  their  place ,  but 
W atches  are  portable. 

442.  As  the  above  difference  gives  rife  to  an 
error  in  W atches,  to  which  Clocks  are  only  in  a 
very  fmall  degree  liable ;  1  Jhall  endeavour  to 
fibew,  by  what  means  any  external  motion  of 
a  Watch  does  influence  its  times  of  Vibration  : 
what  kind  of  motion  has  the  greater!  influence  : 
and  by  what  means  thofe  influences  may  be 
evaded  or  corrected. 

443.  Plate  12.  Fig.  1.  reprefents  a  machine 
intended  to  illuftrate  this  theory  experimentally". 

,  ABCD,  is  a  fquare  board,  or  frame,  on 
which  moves  round  a  hollow  focket,  (through 
which  theverge  or  axis  of  the  Ballance  pafles). 

E  F  G,  a  round  board,  or  plate  of  metal,  to 
which  is  attached  the  one  end  of  a  fpiral  Spring  : 
the  other  end  of  which  is  fixed  to  a  fmall  collet 
near  the  center  of  the  Ballance  N  O,  in  every 
refped:  in  the  fame  manner  as  the  Ballance 
Spring  is  applied  in  Watches. 

L  M,  a  fcale  fixed  to  the  board  E  F  G,  and 
ferves  to  fhew  the  relative  motion  of  the  Ballance 
therewith  ;•  by  means  of  a  mark  made  on  the 
Ballance  (when  at  reft)  oppofite  the  middle  of 
the  fcale  :  hence,  as  this  mark  recedes  from,  or 

1  approaches 
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approaches  the  middle  of  the  fcale ;  the  Bal- 
lance  is  faid  to  recede  from,  or  approach,  its 

POINT  OF  REST. 

IK,  is  a  fcale  on  the  board  A  B  C  D,  hav¬ 
ing  holes  in  it  correfponding  with  the  diviftons 
of  L  M  ;  by  means  of  a  final  1  pin  occaftonally 
put  in  either  of  thefe  holes,  the  board  E  F  G, 
(when  difengaged  from  the  catch  H),  may  be 
made  to  move  any  number  of  (paces,  and  with 
different  velocities,  by  the  adtion  of  a  weight  or 
weights,  fufpended  to  the  end  of  a  fmall  pliable 
cord,  which  is  applied  round  the  circumference 
of  the  board  E  F  G,  and  paffes  over  a  pulley  at  B. 

444.  Now  if  the  board  E  F  G,  reprefent  the 
frame  of  a  Watch,  and  N  O,  the  Ballance  :  and 
the  former  be  made  to  move  any  number  of 
(paces  on  the  fcale  I  K  ;  the  influences  of  luch 
motion  on  the  Ballance,  with  Springs  of  dif¬ 
ferent  ftrength,  Ballances  of  different  weight, 
and  motions  of  different  angles  and  velocities, 

fc>  a  ' 

will  be  given  on  the  fcale  L  M ;  for  it  matters 
not,  whether  the  ballance  of  a  Watch  defcribes 
a  certain  number  of  degrees  on  the  frame  ;  or  the 
frame  moves  the  fame,  and  the  Ballance  remain 
at  reft  ;  for  in  either  cafe,  their  relative  motion  is 
the  fame,  and  will  allow  one  tooth  of  the  wheel 
which  adts  on  the  Ballance,  to  pafs  at  each  rela¬ 
tive  V, ihration  ;  and  the  time  (hewn  by  a  Watch 
depends  on  the  number  of  fuch  teeth,  that  elcape 
the  pallets,  whether  owing  to  the  abfolutey  or 
relative  motion  of  the  Ballance.  *■ 

-  '  445*  1 
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445.  I  £hall  therefore  here  fuggeft,  a  few  of 
the  many  experiments,  that  may  be  made  with 
this  machine,  to  illuftrate  the  influences  of  ex¬ 
ternal  motion. 


446.  Let  the  fpiral  Spring  be  taken  from  the 
Ballance,  and  the  Index  F,  be  made  to  move  any 
number  of  diviflons  on  the  fcale  IK;  the  Bal¬ 
lance  will  retain  its  polition  by  means  of  its  vis 
inertice ;  and  fo  be  made  to  defcribe  as  many 
fpaces  on  the  fcale  L  M,  as  the  Index  F,  does 
on  the  fcale  IK*. 


Influence  of  ex¬ 
ternal  motion 
greateft,  when 
no  Spring  is  ap¬ 
plied  to  the  Bal¬ 
lance. 


application. 

447.  This  experiment  {hews,  that  any  exter¬ 
nal  motion  of  a  Watch,  will  (c.  p.)  have  the 
greateft  influence  poffible  on  its  performance, 
when  no  Spring  is  applied  to  its  Ballance  (444) ; 
for  in  this  experiment,  the  influence  of  external 
motion  ({hewn  on  the  lcale  L  M),  is  equal  to 
the  external  motion,  on  the  fcale  I  K. 

Experiment. 


448.  Let  the  point  N,  of  the  Ballance,  be 
brought  to  the  middle  of  the  fcale,  and  the  whole 


*  It  is  here  to  be  underftood,  that  the  motion  be  not  very  flow  % 
for-  in  that  cafe,  the  fri&ion  on  the  pivots  might  occaflon  the 
Ballance  to  move  with  the  fcale,  and  preferve  its  relative  pofition. 

2  machine 


) 
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machine  be  moved  in  a  ftraight  line,  with  any 
velocity,  or  in  any  direction,  the  relative  por¬ 
tion  of  the  Ballance  and  frame,  will  be  no  wife 
altered  by  fuch  motion. 

Application. 

449.  This  experiment  fhews,  that  redilineal 
motions  do  not  influence  the  times  of  Vibra¬ 
tion  (442)  :  but  it  is  here  underflood,  that  every 
point  of  the  machine,  as  well  as  its  center  of  gra¬ 
vity,  defcribes  a  ftraight  line  $  for  in  fuch  cafe 
only,  will  the  machine  keep  parallel  to  its  firft 
pofition,  on  which  alone  the  property  de¬ 
pends  *. 

Experiment. 

450.  Let  a  long  beam  of  wood  be  fixed  at 
right  angles  to  an  axis,  round  which  let  it  move 
on  pivots :  if  the  above  machine  be  attached  to 
the  beam,  at  any  diftance  from  the  axis,  in  fuch 
manner,  that  the  plane  of  the  Ballance  be  paral¬ 
lel  to  the  axis  of  the  beam,  the  relative  pofition 
of  the  Ballance  with  its  frame,  will  not  be  altered 
by  any  motion  of  the  beam  round  its  axis,  what- 


*  T-  hough  rectilineal  motion  does  not  of  itfelf  any  how  in¬ 
fluence  the  times  of  Vibration  :  it  may,  by  increasing  the  fric¬ 
tion  on  the  Ballance  pivots,  alter  the  length  of  Vibration,  and 
by  that  means  introduce  the  effect  of  any  imperfection  of  the 
Ballance  Spring  and  pallets :  but  in  Watches  where  thefe  are  per¬ 
fect,  fuch  fri&ion  will  not  alter  the  times. 
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ever  be  the  angle  or  velocity  of  fuch  motion,  or 
the  diftance  of  the  machine  from  the  axis. 


Application, 


What  curvilineal 
motions  do  in¬ 
fluence  the  times, 
&c. 


451-  This  experiment  fhews,  that  no  curvi¬ 
lineal  motions,  that  do  not  in  fome  degree,  in¬ 
cline  to  the  direction  of  the  Vibrations  of  the 
Ballance,  can  influence  its  times  of  Vibration *  *. 


Experiment. 


452.  Let  the  foregoing  experiment  be  re¬ 
peated,  with  the  axis  of  the  Ballance  parallel  to 
that  of  the  beam  ;  and  the  relative  motion  of 
the  Ballance  on  its  fcale,  will  always  be  as  the 
angle  delcribed  by  the  beam,  without  regard  to 


5“  -  — 

*  Therefore  a  Watch  carried  on  fhipboard  cannot  have  its 
times  of  Vibrations  influenced  by  any  motion,  or  motions, 
whofe  axils  are  parallel  to  the  plane  of  the  Ballance.  Hence  the 
bell  pofition  for  a  Watch  that  is  carried  on  fhipboard,  is  to  have 
the  plane  of  its  Ballance  nearly  parallel  to  the  decks  :  (unlefs 
fome  internal  defeat,  arifmg  from  the  execution,  fhould  render  the 
performance  more  imperfed  in  this  than  in  its  other  pofitions.) 
It  is  alfo  to  be  obferved,  that  the  bed  place  in  a  fhip  for  laying 
a  Watch  in,  is  near  its  center  of  gravity;  for  here  the  agitation 
is  the  lead.  It  may  poflibly  here  be  enquired,  From  what  in¬ 
ternal  defeds  a  Watch  does  meafure  time  differently,  in  its  dif¬ 
ferent  pofitions  ?  But  fuch  enquiry  being  entirely  foreign  to  the 
general  theory  of  Watch- work,  (the  defed  arifing  folely  frorri 
imperfedions  of  execution)  I  fhall  only  here  obferve,  that  if  a 
Watch  is  adj  ufted  in  fix  pofitions,  at  right  angles  to  each  other, 
it  will  meafure  equal  time,  in  all  the  other  pofitions  into  which 
it  can  poflibly  be  put ;  they  being  all  compounded  of  the  for- 

the 


mer. 
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the  place  of  the  machine,  whether  at  the  center, 
extremity,  or  any  intermediate  part  of  the  beam. 

Application . 

453.  This  experiment  fhews,  that  the  in¬ 
fluence  of  any  curvilineal  motion,  even  in  the 
direction  of  the  Vibrations  of  a  Ballance,  does 
only  take  place  ( c.  p.J  in  proportion  to  the  angle, 
which  it  would  make  the  Ballance  defcribe 
round  its  own  axis  (446) ;  which  is  always  equal 
to  the  angle  moved  by  the  beam  *),  without  re¬ 
gard  to  the  diftance  of  the  machine  from  the 
axis,  or  center  of  motion  :  and  thus  we  fee,  why 
the  Vibrations  of  a  Ballance  are  much  more  di- 
flurbed  in  the  pocket,  or  in  a  carriage,  than  on 
fliip- board. 

454.  The  refult  of  the  fourth  experiment  may 
alfo  be  ex  prefect  thus  :  The  influence  of  any  ex¬ 
ternal  motion,  on  the  times  of  Vibration  of  a 
Ballance,  is,  ( c.  p.)  as  the  deviation  which  fuch 
motion  occafions  in  the  parallelifm  of  the  ma¬ 
chine  from  its  former  pofition  ;  which  alfo  (by 
29  of  1  ft  of  Euclid),  is  always  equal  to  the  angle 
defcribed  by  the  beam.  See  Plate  12.  Fig.  3. 

455.  The  following  experiments  all  tend  to 
prove,  that  the  influence  of  external  motion,  is, 
in  all  cafes,  diminifhed,  by  the  application  of  a 


*  See  Plate  12.  Fig.  3. 


Spring 


145 


Influence  of 

EXTERNAL  MO¬ 
TION. 


EfFe&s  of  curvi- 
lineal  motion. 


Watches  more  in¬ 
fluenced  in  the 
pocket  than  on 
fhipboard. 

Curvilineal  motion 
otherwife  conil- 
dered. 


Elaftic  force  of  the 
Spring  diminishes 
the  influence  of 
external  motion* 


Influence  of 
external  mo¬ 
tion. 

< - v - J 


Fig.  i, 


146  IMPROVEMENT  OF 

Spring  to  the  Ballance ;  and  that,  in  proportion 
to  the  ftrength  of  the  Spring  ;  the  Ballance  re¬ 
maining  the  fame . 

Experiment. 

plate  X'l.  456.  Let  a  Spring  be  applied  to  the  Ballance, 

as  reprefented  in  the  Fig.  and  the  index  F,  be 
made  to  move  any  number  of  divifions  on  its 
fcale  (as  in  former  experiments) ;  the  motion  of 
the  point  N,  on  the  fcale  L  M,  will  be  dimi- 
nifbed  by  the  exertion  of  the  Spring ;  and  with 
Springs  of  double  and  triple,  &c.  ftrength,  it  will 
yet  be  diminifhed  ( c.  p.)  to  a  half  and  a  third, 
&  c.. 

457.  But  a  Spring  of  double  or  triple,  &c. 
ftrength,  would  make  the  lame  Ballance  vibrate, 
double,  triple,  &c.  the  number  of  Vibrations  in 
the  fame  time  ;  therefore,  (456)  the  influences 
of  external  motion  on  a  fngle  Vibration  of  a  Bal¬ 
lance,  will  be  diminifhed  with  the  time  of  its 
Vibration.  Hence,  alfo 

458.  In  all  Watches  having  equal  trams,  the 
influence  of  external  motion  is,  c.  p.  the  fame, 
without  regard  to  the frength  of  their  relative  Bal¬ 
lance  Springs  :  for  in  each,  the  weight  of  the 
Ballance,  muft  have  the  fame  proportion  to  the 
ftrength  of  the  Spring  (409),  and  an  increafe  of 
the  former  augments  the  influence  of  external 
motion,  in  the  fame  proportion,  that  an  increafe 

of 
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of  the  latter  dhninijhes  it :  as  may  be  proved  ex¬ 
perimentally,  by  applying  rings  of  different 
weights  to  the  Baliance,  (by  means  of  the  finall 
holes  at  N  and  O,)  fo  as  to  double  or  triple  its 
weight  with  the  fame  Spring. 

459.  And  though  fome  ol  the  foregoing  ex¬ 
periments  are  made  on  Ballances  that  have  neither 
the  adion  of  a  Spring  or  wheels,  to  give  them 
motion  (446,  448,  450,  452),  and  all  the  others 
on  Ballances  at  reft  (456,  45  8,)  where  the  external 
influence  always  generates  motion  in  the  Baliance, 
which  is  not  the  cafe  with  a  Baliance  that  per¬ 
forms  its  Vibrations  during  the  experiment  ;  for 
its  motion  will  be  increafed  or  diminijhed ,  as  it 
happens  in  the  fame ,  or  a  contrary  diredion  with 
the  external  motion.  But , 

460.  The  relative  influence  on  a  Angle  Vi¬ 
bration,  would  be  the  fame  as  above  ftated, 
whether  the  Baliance  was  at  reft,  or  vibrating, 
at  the  beginning  of  each  experiment  :  or  whe¬ 
ther  the  external  motion  happens  to  oppofe,  or 
confpire  with,  that  or  the  Baliance  :  See  Sir 
Isaac  Newton’s  II.  law  of  motion*. 

461.  Having  thus  laid  a  foundation,  for  di- 
minifhing  (443,  449,  454),  as  well  as  eftimating, 
the  influence  oj  external  motion ,  on  a  fengle  Vi- 
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fame,  whether  the 
Baliance  be  in  mo¬ 
tion  or  at  reft3 
&c. 


Introduction  to  the 
influences  on 
many  Vibrations* 


*  Hence  thofe  Watches  whofe  Ballances,  when  at  reft,  are 
leaft  liable  to  be  difturbed,  or  begin  their  Vibrations  by  the  in¬ 
fluence  of  external  motion,  have  their  Vibrations  alfo  leaft  in¬ 
fluenced. 


u  2 
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bration  ;  I  now  come  to  confider  its  effect  on 
many. 

462.  If  a  Watch  be  fo  placed  in  a  fhip,  that 
the  axis  of  the  Ballance  lies  parallel  to  the  axis 
of  the  fhip’s  greateft  motion  ;  and  the  angular 
motion  of  the  fhip  be  equal,  to  the  angle  of  Vi¬ 
bration  of  the  Ballance ,  and  performed  in  the 
fame  time  :  if  thofe  two  equal  angular  motions 
happen  to  oppofe  each  other,  the  former  will  de- 
ftroy  the  latter  (452,  453),  and  the  Watch  come 
to  reft.  But , 

463.  If  the  angular  motion  of  the  Ballance 
had  been  double  that  of  the  fhip  ;  the  latter 
could  only  have  deftroyed  one  half  of  the  former 
(453).  And  therefore^ 

464.  The  influence  of  external  motion  will 
be  ( ccet.  par.)  in  the  inverfe  proportion  of  the 
angle  of  V  ibration  of  the  Ballance  to  the  angular 
motion  of  the  fhip  (462).  But  the  angle  of  Vi¬ 
bration  increafes ,  with  the  maintaining  power ; 
therefore,  the  influence  of  external  motion  is  di¬ 
minifhed  by  increafing  the  maintaining  power 

(-4-6  3)- 

465-  one  Vibration  only ,  be  performed  du¬ 
ring  one  motion  of  the  fhip  ;  it  will  be  accele¬ 
rated  or  retarded  (460)  in  the  above  mentioned 
proportion  (464) :  but  if  two  Vibrations  be  per¬ 
formed,  each  will  receive  half  the  influence,  that 
is,  the  one  will  be  accelerated  as  much  as  the  other 
is  retarded  (460)  \  and  confequently,  both  be  per¬ 
formed 


WATCH-WORK, 
formed  in  the  fame  time,  as  if  no  external  caufe 
had  influenced  them  :  Thus, 

466.  Vibrations  of  half  the  duration  have  a 
duplicate  advantage  ;  for  the  fame  caufe,  will 
only  produce  half  the  effed  (452),  and  they  alfo 
have  a  double  chance  of  correcting  each  other 
(465)  :  add  to  this,  that  if  the  whole  caufe  did 
take  place,  its  effedt  would  be  diminifhed  by  the 
fuperior  ftrength  of  the  Spring  (456).  Hence, 

467.  The  influence  of  external  motion ,  on  the 
performance  of  a  Watch  is  diminifhed ,  at  leafl  in 
the  inverfe  duplicate  proportion  of  its  train  :  (or 
number  of  beats  in  a  given  time).  And  there¬ 
fore, 

468.  If  two  Watches  be  made  in  every  refpedt 
alike  ;  only  that  the  one  fhall  vibrate  five ,  the 
other  fix  times  in  a  fecond,  the  relative  influences 
of  external  motion  on  thofe  Watches  will  be, 
inverfely  as  the  fquares  of  their  number  of  Vi¬ 
brations  :  that  is ,  on  the  former,  to  the  latter,  as 
36  to  25:  Hence  *, 

469.  We  may  reafonably  entertain  hope  of 
diminifhing  the  influence  of  external  motion  by 
fuch  means,  (and  without  any  additional  parts) 
to  fuch  a  degree,  as  will  fcarce  leave  a  chance  of 
a  Watch  with  one  Ballance,  flopping  in  the 
pocket. 
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470.  And  this  merits  the  more  ferious  atten¬ 
tion,  that  it  feems  the  only  means  of  introducing 
jirong  Ballance  Springs  and  heavy  Ballances ,  into 
Pocket-watches ;  for  until  the  chances  of  Hoping 
(or  fetting)  in  the  pocket,  are  much  more  dimi- 
niflied  than  at  prefent  *  ;  we  raiift  continue  the 
practice  of  half- timing  ;  that  is,  rendering  the 
exertion  of  the  wheels  equal  or  nearly  fo  to  that  . 
of  the  fpiral  Spring,  on  the  Ballance,  at  beginning 
of  its  Vibrations :  the  difadvantages  of  which,  and 
the  advantages  that  may  he  gained  by  a  contrary 
practice  (468,  469),  will  appear  more  evident, 
by  perufing  what  is  faid  in  the  former  EiTay  from 
(70  to  79)  ;  which  is  equally  applicable  here 

(4 1 3/' 

471.  I  doubt  not,  that  fome  will  here  remark, 
that  every  Vibration  has  its  fridtion,  &c.  and  con- 
fe(l  uently ,  that  by  increaling  the  number  ol  Vibra¬ 
tions  in  a  given  time,  the  friction  and  '  influ¬ 
ences  of  the  oil  are  alfo  increafed,  and  the  per¬ 
formance  thereby  much  hurt,  and  the  parts 
fooner  impaired.  But, 

472.  Thus  mentioning  the  dreaded  evil , 
may  here  convince,  that  it  has  not  efcaped  no- 


*  Thus  it  appears,  why  the  Ballance  Spring,  in  all  Pocket- 
watches,  is  made  nearly  of  the  fame  ftrength  with  the  aftion  of 
the  wheels  :  for  if  a  Watch  having  a  ftrong  Spring,  and  heavy 
Baliance,  happens  to  fet  in  the  pocket,  by  means  of  any  fudden 
jolt,  it  muft  continue  at  reft,  til!  again  put  in  motion  by  its 
wearer,  or  fome  other  motion  equally  violent. 


tice  : 
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tice  :  and  before  this  ESTay  is  concluded,  I  fhall  * 
endeavour  to  Shew,  not  only,  that  the  train  may  t  i  on. 
be  increafed  to  the  degree  already  propofed  (46  8 ),  v' 

but  even  doubled ,  without  increasing  the  total 
ir  ence  of  the  oil,  or  fridion,  beyond  what  now 
r  les  olace  in  the  belt  horizontal  Watches  with 
common  trains :  not  to  mention  the  diminution 
tnat  a  due  increafe  of  maintaining  power  may 
Ov,  alion  in  the  effed  of  luch  influence  of  t  e 
oil.  (413.  161  to  164.) 

473.  Flaying  now  pointed  out  the  means  introdu&ion  to  the 
that  appear  to  me,  the  moft  Ample  and  ad  van-  Sto*!. 
tageous,  for  diminishing  the  influence  of  external 

motion  in  all  portable  machines  ;  and  the  only 
means  by  which  it  can  be  diminished  in  Pocket 
Watches,  with  one  Ballance ;  to  Such  a  degree  as 
to  admit  of  x  general  reformation  of  principle 
S470J,  i  11  now  mention  the  means  that  have 
been  heretofore  ufed  for  this  purpofe  ;  left  I 
Should  be  accufed  oi  having  here  invidioufly  paf- 
fed  them  filence. 

474.  Dr.  Hook  about  the  year  1658  applied  r>r. ^look’s  mc- 
to  Watches,  two  equal  Ballances ,  10  conneded 

that  they  Should  vibrate  equal  angles,  but  in  con¬ 
trary  directions  ;  by  which  means  the  one  mull 
always  be  accelerated  as  much  as  the  other  is  re¬ 
tarded,  by  the  influence  of  any  external  motion  ; 
and  thus,  their  mean  motion  could  never  be  alter¬ 
ed  by  any  external  influence. 

475*  I*"  '  il§ 
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475.  If  the  experiment  (446)  be  made  with 
the  machine  reprefented  in  Plate  13.  Fig.  1. 
each  Ballance  will  have  the  fame  relative  motion 
with  the  frame  ;  and  thofe  parts  of  their  circum¬ 
ference  that  are  neareft  each  other  will  have 
equal  relative  velocities  in  contrary  directions  (as 
reprefented  by  the  darts)  and  the  Ballances  are 
fuppofed  equal  alfo  :  therefore,  if  their  circum¬ 
ferences  be  any  how  connected,  thofe  equal  and 
contrary  motions  of  the  Ballances  will  correct 
each  other  *. 

476.  The  above  very  ingenious  contrivance, 
proves  its  author  to  be  intimately  acquainted  with 
the  laws  of  motion,  and  quick  in  their  appli¬ 
cation  :  but  here  the  practice  falls  fhort  of  the 
theory ;  for  when  the  Ballances  are  connedted  by 
means  of  teeth,  there  arifes  a  reftftanee,  which, 
however  fmall,  when  applied  in  this  moft  delicate 
part)  will  tend  to  diminifh  the  momentum  of  the 
Ballances ;  and  if  the  leaf!  irregularity  of  aEiion 


*  I  have  feen  a  Watch,  made  in  the  year  1715,  with  inten¬ 
tion  to  difcover  the  longitude,  (as  appears  by  an  infcription  on 
it)  in  which,  amongft  feverai  laborious  contrivances  applied, 
were  two  Ballances  •,  each  of  which  had  on  its  axis  a  pinion, 
and  both  of  them  were  moved  by  the  fame  wheel,  on  whofe 
axis  were  the  pallets  (fee  Plate  13.  Fig.  3.) :  by  which  means 
both  Ballances  were  made  to  move  in  the  fame  direction,  and 
confequently  (475)  rendered  as  liable  to  the  influences  of  ex¬ 
ternal  motion,  as  one  Ballance.  This  fhews,  how  general  rules, 
or  even  the  beft  principles,  may  be  mifapplied,  when  their 
elements  are  not  properly  underftood. 

fhould 
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fhould  take  place  near  the  extremity,  or  vertex  InflueNce  of 

r  #  11*11  external  mo- 
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moft  pernicious  effect.  But,  'v* 

477.  In  order  to  diminifh  the  above  incon-  How  diminiflied. 
veniencies,  the  Ballances  were  connected  by 

means  of  two  fmall  wheels,  fixed  on  the  arbors 

of  the  Ballances,  as  reprefented  by  Fig.  2.  Plate 

13.  *  and  though  fome  ingenious  means  have  PLpTE  xill. 

been  ufed,  to  evade  the  irregularities  of  adtion  in 

fitch  wheels,  I  pafs  them  here,  as  alfo  attended 

with  their  inconveniencies,  and  in  every  refpedt, 

lefis  fit  for  general  ufie. 

478.  Mr.  Hugens  has,  in  his  Marine-clocks  Mi\  Hugens’s  me- 
already  mentioned  (216),  ufed  a  different  method 

of  removing  the  influences  of  external  motion  ; 
by  preferving  the  parallelifm  of  pofition  (454)  : 
but  though  this  might,  if  perfectly  attained,  have 
the  defired  efledt  on  the  Vibrations  of  a  Bal  lance, 
where  the  centers  of  gravity  and  motion  coin¬ 
cide  ;  it  would  by  no  means  have  the  fame  effect 
on  the  Vibrations  of  a  Pendulum  (where  they 
do  not] ;  but  the  Pendulum  can  never  be  ren- 

*r  It  is  not  improbable  that  this  method  and  manner  may, 
with  fome  further  improvements,  be  yet  applied  to  good  pur- 
pofe  in  Pocket-  watches  •,  in  which  cafe  the  weight  of  the  Bal¬ 
lances,  and  ftrength  of  their  Spring,  (or  Springs)  may  be  in- 
creafed  at  pleafure.  But  it  feems  not  clear,  that  diminifhing 
the  fize  of  thofe  wheels  that  connedt  the  Ballances,  to  any 
great  degree,  is  advantageous,  fmce  by  fuch  means  each  tooth 
mull  lubtend  the  greater  angle  at  the  center  of  the  Ballance  5 
and  coniequentiy  be  the  more  liable  to  the  inconveniency  men¬ 
tioned  in  Par.  476* 
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dered  fit  for  any  portable  machine,  even  at  fea, 
for  reafons  too  many  to  be  here  mentioned, 
as  no  material  advantage  occurs  to  me  that  would 
follow. 

479.  Mr.  John  Hareison  of  Red  Lion  Square , 
has,  in  each  of  his  three  large  machines  for  mea- 
furing  time  at  fea,  united  both  thofe  methods  of 
diminifhing  the  influences  of  external  motion ; 
and  difplayed  great  mechanical  abilities,  in  di¬ 
minifhing  the  friction,  and  making  the  centers 
of  gravity  and  univerfal  motion  of  the  whole 
machine,  more  nearly  to  coincide  than  in  Mr. 
Hugens’s  Clocks  :  but  I  avoid  any  remarks  on 
the  properties,  &c.  as  there  is  reafon  to  expect  a 
full  account  of  all  his  ingenious  performances 
will  be  foon  made  public. 

480.  Having  thus  mentioned  the  different 
methods  that  may  be  ufed,  for  diminifhing  the 
influences  of  external  motion  (468,  474,  478)  : 
I  (hall  conclude  with  a  few  remarks  on  their  rela¬ 
tive  advantages. 

481.  Mr.  Hugens’s  method,  from  its  nature 
and  fize,  can  never  be  applied  to  Pocket- watches ; 
and  therefore  its  ufe  is  wholly  confined  to  fuch 
machines  as  are  carried  on  fhip-board  :  nor  can 
its  effedt  in  thofe  be  perfect,  unlefs  the  center  of 
gravity  of  the  whole  machine  coincide  with  its 
center  of  univerfal  motion,  and  the  fridtion  of  its 
fufpenfion  be  totally  annihilated  :  in  which  cafe , 
though  the  whole  machine  would  have  no  ter- 
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dency  to  vibrate,  it  would  retain  any  pofition, 
which  by  accident  it  had  got  :  and  thus,  a  new  tion. 
inconvenience  and  error  in  the  performance 
might  arife,  owing  to  the  machine  going  in  an 
unufual  pofition  ;  (probably  upfide  down) ;  nor 
can  the  friction  of  fufpenfion  ever  be  removed 
to  fuch  a  degree  as  to  prevent  this  inconvenience  : 
if  it  could-,  the  longitude  might  be  afcertained 
without  any  meafure  of  time.  Let  us  then  con- 
fid  er  the  effedt  of  rendering  the  center  of  gravity 
fo  much  lower  than  the  univerfal  center  of  mo¬ 
tion,  as  would  regain  the  former  pofition  of  the 
machine,  if  by  any  means  loft.  It  is  obvious  that 
by  luch  means,  the  influence  of  any  motion  of 
the  (hip,  would  be  diminifhed  during  its  tim  e  of 
continuation  ;  but  the  effeBs  of  fuch  motion 
would  be  continued  while  the  machine  retained 
thofe  Vibrations,  of  which  the  fhip’s  motion 
was  the  firft  caufe  (453)*;  from  which  it  would 
feem,  that  a  diminution  of  fridtion  continues  the  Diminution  of 

/v*  /**  p  1  t  7  •  1  »  •  •  *1#  «  •  /^j  •  •  fri£hon  more 

effect  for  ieverai  Vibrations,  it  it  diminilhes  it  in  cuiated  to  diftri- 
one :  hence,  .it  is  more  calculated  to  diftribute  the  )lute  'han  f2.dV 

•  /■f  r*  1  n  •  ^  *  *troy  tuc 

influence  of  the  rnip’s  motion  among  many  &c. 
Vibrations,  than  to  deftroy  it  f . 


*  And  every  Vibration  of  the  machine  will  have  the  fame  ef¬ 
fect,  as  if  the  flip  had  moved  an  equal  angle  (4 53). 

+  This  method  of  preferving  the  parallelifm  of  the  machine 
may  in  fome  cafes  be  uied,  to  remove  the  rifque  of  fame  parts  of 
the  machine  being  difplaced,  bent,  or  broke.  But  this  fup~ 
pofes  very  great  imperfection  in  the  conftru&ion, 

X  2  482.  Dr> 
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482.  Dr.  Hook’s  method,  with  a  double  Bal- 
lance,  would  moft  certainly  have  all  the  deflred 
eftedt  ;  if  the  inconveniencies  already  mentioned 
could  be  removed  (476; ;  in  which  cafe,  it  would 
in  every  refpedt  be  fuperior  to  Mr.  Hugens’s  : 
for  it  would  totally  remove  the  influences  of  any 
external  motion  ;  by  which  means  every  advan¬ 
tage  of  a  heavy  Ba! lance  and firong  Spring  might 
be  introduced,  even  into  Pocket-watches. 

483.  The  method  propofed  for  diminifhing 
the  influence  of  external  motion  by  increaflng  the 
train  (468),  is  entirely  free  from  the  inconveni¬ 
encies  of  Dr.  Hook’s  (476);  and  if  the  influence 
of  the  oil,  on  the  Ballance  pivots,  be  increafed  in 
the  former,  as  the  number  of  Vibrations ;  it  is 
doubled  in  the  latter,  by  having  twice  the  number 
of  pivots  :  and  when  we  conlider,  that  by  fhort- 
ening  the  time  of  Vibration,  the  influences  of 
the  external  motion  is  alfo  reduced  (466)  ; 
that  if  the  time  remained  the  fame,  the  in¬ 
fluences  would  be  diminiflied,  as  the  weight  of 
the  Ballance  to  the  ftrength  of  the  Spring  (456) ; 
that  when  two  Vibrations  are  performed  during 
one  motion  of  the  {hip  ;  the  one  corre&s  the  other 
(465)  :  and  hence,  that  it  is,  the  odd  Vibrations 
only,  that  are  influenced  ;  and  that,  in  the  in- 
verfe  duplicate  ratio  of  its  time,  to  that  of  the 
external  motion  (464,  465),  that  the  more  fre¬ 
quent  (or  quick)  the  Vibrations,  the  more  com- 
meaf arable  do  the  times  of  two  Vibrations  become 

to 
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to  the  time  of  one  motion  of  the  fhip  ;  and  if  ^NFIUENCE  0F 
we  add  to  this,  that  by  thus  diminifhing  the  in-  tioN. 
fluences  of  external  motion,  we  alfo  diminifh 
the  proportion  that  the  maintaining  power  bears 
to  the  whole  motive  force  of  the  Ballance  ;  we 
fhall  fee  good  reafon  for  preferring  this,  to  any 
other  method,  fo  far  as  the  nature  of  materials 
and  oil  will  admit. 

484.  Having  thus  endeavoured  to  lhew,  how  Condufion. 
external  motions  influence  the  times  of  all  por¬ 
table  machines ;  and  what  are  the  advantages, 

&c.  of  each  method  of  diminifhing  fuch  influence*; 

I  next  enquire  into  the  advantages  that  may  be 
gained  by  the  different  ways  of  increasing  the 
momentum  of  a  Ballance. 


*  It  has  already  been  obferved,  that  when  any  external  mo¬ 
tion  oppofes  that  of  the  Ballance,  the  utmoft  effedt  it  can  have’ 
is  to  ftop  the  Watch.  On  the  other  hand,  if  it  increafes  the- 
motion  of  the  Ballance,  its  utmoft  effedt  will  be,  to  make  the 
Ballance  bank  ;  i.  e.  to  make  it  ftrike  againft  the  limits  of  its 
greateft  Vibrations  :  for  by  this  means  feveral  fubfequent  Vibra¬ 
tions  are  fo  much  accelerated  as  to  become  very  fenfible  to  the 
ear.  But  this  evil  may  be  very  much  diminifhed,  if  not  anni¬ 
hilated,  by  making  the  Ballance  communicate  its  excefs  of  mo¬ 
tion  to  fmaller  ones,  which  have  no  concern  with  the  meafure  of 
time,  and  againft  which  the  main  Ballance  is  made  to  bank,  as 
reprefented  by  the  4th  Fig.  of  Plate  13  th,  where  the  fmall  fpirai 
Spring  ferves  only  to  keep  thofe  Ballances  to  a  certain  pofition5 
in  which  the  other  may  always  find  them. 


Of 
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Of  the  Momentum  of  the  Ballance . 

485.  Since  the  exertion  of  a  Spring  is  as  the 
fpace  to  which  it  is  bent  (408)  ;  it  follows.,  that 
ii  no  other  force  actuate  the  Ballance,  its  motive 
force  will  be,  in  all  its  Vibrations,  as  the  length 
of  the  Vibration  ;  and  confequently,  the  J 'paces 
defcrihed ,  and  the  motive  force ,  will  be  expref- 
fed  by  the  fame  numbers. 

486.  And  if  in  half-timed  Watches  the  fhorteft 
Vibration,  that  can  allow  the  wheel  to  efcape  the 
pallets ,  be  expreffed  by  one  :  the  maintaining 
power  will  alfo  be  expreffed  by  one  (470),  and  the 
motive  force  of  the  Ballance,  be  equally  compof- 
ed  of  the  action  of  the  wheels,  and  Ballance 
Spring.  But) 

487.  If  the  Vibration  be  increafed  by  the  ac¬ 

tion  of  the  wheels  accumulated  in  the  Ballance, 
as  2,  3,  4,  5,  6,  &c.  the  exertion  of  the  fpiral 
Spring  will  increafe  in  the  fame  proportion  (485); 
and  the  maintaining  power  (remaining  the  fame) 
will  only  conftitute  -f,  -j-,  —  ;  &c.  of 

the  motive  force  of  the  Ballance  *.  Hence , 


*  And  fince  the  proportion  of  the  whole  motive  force  of  the 
Ballance  to  the  maintaining  power,  is  thus  increafed  as  the 
length  of  the  Vibration ,  it  follows,  that  every  endeavour  fhould 
be  ufed  to  enlarge  it  \  and  that  fuch  changes  as  may  happen  in 
the  maintaining  powe*,  will  caufe  lefs  error  with  long  than  lhort 
Vibrations  (80). 

488.  Any 
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488.  Any  change  that  happens  in  the  main¬ 
taining  power,  will  bear  a  lefs  proportion  to  the 
whole  motive  force  of  the  Ballance,  in  its  longer 
Vibrations  than  its  fhorter  ones,  and  confequently 
(80),  will  lefs  alter  the  times  *. 

489.  The  influence  of  external  motion  is  alfo 
diminifhed,  by  increafing  the  angle  of  Vibration 
(464);  therefore  (488),  every  endeavour  fhould 
be  ufed  to  enlarge  it,  and  to  remove  every  caufe 
that  can  have  any  tendency  to  diminifh  it :  as 
fri&ion,  influence  of  the  oil,  and  the  reflftance 
of  the  air  ;  of  which  hereafter. 

490  And  thus  it  appears  (488,  489),  how 
advantageous  it  is,  to  increafe  the  momentum  of 
the  Ballance,  by  increafing  its  length  of  Vibra¬ 
tion  ;  and  the  length  of  Vibration  increafes  with 
the  maintaining  power  :  hence,  8cc. 

491.  But  the  velocity,  and  confequently  the 
momentum  of  a  Ballance,  may  be  increafed,  by 
enlarging  its  diameter  :  and  though  this  method 
does  not  diminifh  the  influence  of  external  motion , 
it  does  the  rifque  of  breaking  or  bending  the 
Ballance  pivots,  by  a  fall  or  any  other  violent 
motion ;  but  if  the  fridlion  on  the  pivots  be  di- 


*  On  this  account,  when  the  oil  becomes  glutinous  on  the 
Balance  pivots,  the  Vibrations  become  fhorter,  and  fenfibly 
quicker,  even  though  the  diminution  of  recoil  has  a  contrary 
tendency.  V  ->■ 
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minifhed  by  this  means,  the  refinance  of  the  air 
is  augmented  *. 

492.  Since  the  momentum  is  as  the  quantity 
of  matter  into  the  velocity ,  it  may  be  augmented 
by  increafmg  the  former ,  as  well  as  the  latter : 
hence,  a  Ballance  of  twice  the  weight  will  (c.  p.J 
have  double  momentum  ;  and  an  equal  effeCt  in 
correcting  the  irregularities  of  the  maintaining 
power,  as  one  of  twice  the  diameter,  and  half 
the  weight. 

493.  And  if  the  friction  on  the  pivots  be  in¬ 
creafed  as  the  weight  -f- ,  the  refiftance  of  the 
air  will  be  diminifhed  in  the  duplicate  proportion 
of  the  diameter  J  :  hence  the  only  article  which 
renders  this  method  of  increaling  the  momentum 
inferior  to  the  former  (491),  is  the  greater  rifque 
of  the  pivots,  by  falls,  &c. 

494.  Lafily ,  if  the  momentum  be  augment¬ 
ed  by  increaling  the  ftrength  of  the  Ballance 
Spring,  and  confequently  the  number  of  beats  ;  it 


*  And  unlefs  all  the  Vibrations  of  the  Ballance  and  Spring 
are  truly  ifochronal  in  their  detached  Bate,  and  the  maintaining 
power  be  fo  applied  as  not  to  difturb  thofe  natural  properties, 
any  change  that  happens  in  the  denfity  of  the  air,  will,  by  al¬ 
tering  the  length  of  the  Vibrations,  introduce  fuch  errors ;  and 
that  more  or  lefs,  (c.  p.)  in  proportion  to  the  total  inereafe  of 
•refiftance. 

p  The  fri&ion  on  the  Ballance  pivots  may  be  much  dimi¬ 
nifhed,  by  applying  two  Springs  to  the  Ballance,  attached  to 
its  collet,  diametrically  oppofite  to  each  other,  as  in  Plate  12. 
Fig.  4. 

t  See  Note  491. 

wili 
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will  have  all  the  advantages  of  the  former  me-  Momentum  of 

...  .  i  rr  n  r  •  ,  the  Ballance. 

thods  in  correcting  the  directs  or  any  irregulan-  V- — — , - > 

ties  of  the  maintaining  power :  and,  if  it  increafes 
the  fridion  on  the  pivots,  and  the  reflftance  of 
the  air  ;  it  diminifhes  the  influence  of  external 
motion  (469),  to  fuch  a  degree,  as  to  prevent  the 
danger  of  a  Watch  fetting  in  the  pocket :  and  by 
that  means  paves  the  way  for  fuch  increafe 
momentum,  by  either  or  both  the  methods 
mentioned  (491,  492),  as  may  give  to  the  Bal- 
lance  in  Watches,  the  fame  advantages  in  regu¬ 
lating  the  motion  of  the  Wheels,  as  Pendulums 
have  in  Clocks. 


495.  And  thus ,  may  the  performance  of  Concision. 
Watches  be  made,  in  this  refped,  to  approxi¬ 
mate  that  of  Clocks,  as  much  as  the  nature  of 
things  can  probably  admit  :  and  if  due  regard 
be  paid  to  what  has  been  formerly  faid  concern¬ 
ing  the  influence  of  external  motion  (451),  any 
further  attempts  of  diminifhing  its  effed  on  ma¬ 
chines  carried  on  fhip-board,  will  be  rendered 
unneceffary,  even  for  the  nicer  purpofes  of  navi¬ 
gation. 


Of  the  Thermometer. 

496.  In  order  the  better  to  inveftigate  the  it)trodu<aioii. 
real  effed  of  each  particular  caufe,  the  tempera¬ 
ture  of  the  air ,  has  hitherto  been  confdered  as  in¬ 
variably  the fame  ;  but  now,  the  effed  of  fuch 

Y  changes 
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Of  the  Ther¬ 
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l - ^ — ) 


Influence  on  the 
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©ther2  &c. 


V 


Influence  on  the 
Ballance  and 
Spring. 


changes  as  happen  therein,  together  with  the 
moft  effectual  means  of  removing  them,  claim 
our  whole  attention. 

497.  Heat  dilates,  and  cold  contrails  all  me¬ 
tals  ;  hence,  the  main  Springs  of  Watches,  &c. 
ait  more  or  lefs  vigoroufly  in  proportion  to  the 
degree  of  heat  or  cold  to  which  they  are  expo- 
fed:  and  if  no  other  caufe  of  error  took  place  in 
W; atches,  with  pallets  of  the  common  conflruSlion , 
they  would  go  f 'after  in  cold  than  in  warm  wea¬ 
ther. 

498.  Cold  renders  oil  thick,  and  warmth 
makes  it  more  fluid  :  and  if  this  caufe  alone, 
took  place,  it  would  (by  an  increafe  of  the  main¬ 
taining  power),  make  Watches  go  f after  in  warm 
weather  than  in  cold.  But, 

499.  As  the  immediate  influence  of  heat ,  on 
the  main  Spring-,  tends  to  diminifh  the  maintain¬ 
ing  power  (497),  and  its  influence  on  the  oil  ap¬ 
plied  to  the  pivots,  to  increafe  it  (498),  thofe 
two  errors  mull,  at  lead  in  part,  correct  each 
other  :  and  the  effeit  that  any  remainder  thereof 
would  have  on  the  meafure  of  time,  may  be  to¬ 
tally  annihilated,  by  conftruiting  the  pallets,  fo 
that  the  maintaining  power ,  fhall  prolong  the 
time  of  one  half  the  Vibration,  as  much  as  it 
contrails  the  other.  Of  which  hereafter, 

500.  Heat  lengthens  the  Ballance  Spring, 
and  enlarges  the  diameter  of  the  Ballance,  both 
which  effeits  co-operate  in  making  the  Watch  go 

4  flower  5 
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flower  ;  and  the  contrary  ;  and  as  thofe  efte&s  °FJ0HfErlfER~ 
are  wholly  independent  of  the  pallets,  they  muft  *— — % — — ' 
be  corrected  by  home  other  means. 

co  1.  The  time  of  Vibration  of  a  Ballance  de-  The  time  of  Vi- 

J  7  .  x  11  1  r  r  7  .  r  •  bration  does  not 

pends  (c.  p.)  on  the  length  or  Juch  part  or  its  depend  on  the 
Spring  as  ads  in  the  Vibration,  without  regard  of 

to  its  whole  length:  and  therefore,  if  the  fame  Spring, 
caufe,  that  enlarges  the  diameter  of  the  Ballance 
be  made  to  fhorten  the  ading  part  of  the  Spring 
in  a  due  proportion  ;  and  the  contrary  ;  the 
times  of  Vibration  will  remain  the  fame. 

502.  I  fhall  therefore  here  defcribe  one  method  introdu£Mon  tothe 

of  adjufting  the  length  of  the  Spring  to  the  dia-  Thermometer, 
meter  of  the  Ballance,  in  fuch  manner,  as  will 
render  the  times  of  Vibration  equal,  without  re-? 
gard  to  the  degree  of  heat  or  cold  to  which  the 
Watch  is  expofed  :  and  though  the  Thermo¬ 
meter  here  to  be  defcribed,  is  adapted  to  an  un¬ 
common  conftrudion  of  a  Watch,  wherein  the 
Spring  lies  above  the  Ballance ;  when  the  prin¬ 
ciple  is  properly  underflood,  the  ingenious  me¬ 
chanic  will  eafily  diverflfy  the  contrivance,  fo  as 
to  fuit  his  particular  purpofe. 

503.  Fig.  1.  Plate  14.  is  a  fteel  ring  with  le-  plate  Xiv. 
veral  pins  to  it  ;  on  which  are  fitted  as  many 

final!  rollers  as  reprefented  in  Fig.  2  5  to  this  fteel  Defcription. 
ring  is  fcrewed  one  of  brafs,  cut  as  reprefented  in 
the  fame  Figure,  and  made  by  its  elaftic  force  to 
prefs  againft  each  of  the  final  1  rollers,  which  li¬ 
mit  the  extent  of  its  circumference. 

Y  2  504.  Now 
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504.  Now  as  the  expanfion  of  brafs  exceeds 
that  of  fteel,  it  is  evident,  that  any  heat  applied 
to  this  double  ring,  will  bring  the  ends  of  the 
brafs  ring  nearer  to  each  other ;  and  cold  will  have 
a  contrary  effect  :  and  fince  the  one  end  is 
fcrewed  to  the  fteel,  its  excefs  of  expanfion  or 
contraction  will  become  very  fenfible  at  the  other 
end ;  and  may  be  afcertained  to  a  nicety,  by  ap¬ 
plying  a  flender  Index,  as  reprefented  by  the 
dotted  lines  in  Fig.  2.  And 

505.  If  this  brafs  ring  be  made  to  act  on  the 
one  end  of  a  lever  (moving  concentric  to  the 
Ballance),  and  to  the  other  end  of  which,  the  bal- 
lance  Spring  is  attached  (as  reprefented  in  Fig.  3 . ) ; 
the  expanfions  and  contractions  of  the  brafs  ring 
may  be  made  to  move  the  Ballance  Spring  be¬ 
tween  two  pins,  fo  as  to  limit  its  action  in  fuch 
manner  as  will  render  its  exertion,  in  all  cafes, 
proportioned  to  the  diameter  of  the  Ballance, 
and  by  fuch  means,  redder  the  Vibrations  (fo  far 
as  depends  on  this  caufe)  ifochronal :  The  lever 
on  which  the  brafs  ring  acts,  and  to  which  the 
Ballance  Spring  is  attached,  together  with  the 
Ballance  Spring,  and  the  pins  which  limit  its 
action,  are  reprefented  by  Fig.  4.  detached  from 
ail  the  other  parts ;  and  thofe  pins  may  be  ren¬ 
dered  moveable,  fo  as  to  regulate  the  Watch, 
without  any  how  hurting  the  effect  of  the  Ther¬ 
mometer. 


5°6-  Fig- 
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506.  Fig.  5.  reprefents  a  method  of  increafmg 
or  diminifhing  the  influence  o!“  the  Fhermome-* 
ter  (without  flopping  the  Watch),  till  the  per¬ 
formance  in  different  degrees  ol  heat  and  cold, 
orove  it  equal  to  its  intended  purpofe  :  here  the 
arals  ring  (503))  adts  on  the  lever  to  which  the 
Ballance  Spring  is  connected,  by  means  of  another 
lever ,  whofe  center  of  motion  is  moveable  by 
the  fcrew  at  A,  fo  as  to  alter  the  effect,  at  plea- 


165 

Of  the  The? 

MOMETpR. 


PLATE  XIV* 


fure. 

507.  Fig.  6.  with  its  appendages,  reprefent  plate  xiv. 
feparately,  and  in  different  views,  the  levers,  &c. 

of  which  Fig.  5.  confifts  (excepting  the  parts 
reprefented  by  Fig.  2.)  — 'Fig.  7.  is  a  fedtion  of 
Fig.  5.  along  the  line  A  B. 

508.  The  advantages  of  this  Thermometer  Advantages  of  thjs 
are,  that  as  all  parts,  of  the  furface  of  the  brafs  Thermometcr’ 
ring  are  fully  expofed  to  the  fame  air,  that  in¬ 
fluences  the  Ballance  and  its  Spring;  it  will  be 
influenced  thereby,  at  the  fame  iflftant  with 

them  :  and,  if  it  be  made  of  a  mean  thicknefs 
between  that  of  the  Ballance  and  Its  Springy  with 
proper  allowance  for  the  greater  motion  of  the 
Ballance  *  ;  the  influences  of  heat  and  cold  on 
it,  will  exaSlly  keep  pace  withy  and  equal thofe  on 
the  Ballance  and  its  Spring  :  which  can  never 
happen  with  Thermometers,  that  only  expofe 


*  See  the  properties  of  Clock  Thermometers  (328,  to  331). 
i  part 
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Of  the  Ther¬ 
mometer. 


Advantages  of  this 
Thermometer. 


Influence  of  the 
air  on  the  time  of 
Vibration. 


Conclufion, 


IMPROVEMENT  OF 

part  of  their  furface  to  the  air,  and  are  fo  con¬ 
nected  with  larger  maffes  of  metal,  that  they  can 
only  be  heated  or  cooled  with  them  ;  and  confe- 
quently,  cannot  apply  the  remedy  before  the  evil 
has  had  its  effeCt,  at  leaft  for  fome  fhort  time. 
And, 

509.  The  performance  of  fuch  Thermometers 
will  alfo  be  lefs  liable  to  decay,  through  courfe 
of  time,  than  in  fuch  as  have  not  all  the  parts  of 
their  metal,  equally  compreffed  or  relaxed  by 
any  changes  that  may  happen  in  the  temperature 
of  the  air.  And, 

510.  As  the  different  denflties  of  the  air, 
have  a  tendency  to  alter  the  length  of  Vibration, 
and  by  that  means  introduce  fuch  remains  of 
error  as  may  yet  take  place,  from  a  want  of  abfo- 
lute  natural  ifochronifm  in  the  Ballance  Spring : 
it  is  proper  here  to  obferve,  that  as  fuch  denjity 
of  the  air  depends  in  a  great  meafure,  on  the  de¬ 
gree  of  heat  or  cold ;  its  influences  on  the  times 
of  Vibration  muft  have  an  uniform  tendency, 
either  to  increafe  or  diminifh  fuch  errors  as  arife 
from  the  influence  of  heat  and  cold  on  the  Bal¬ 
lance  and  its  Spring :  and  confequently  while 
fuch  error  is  in  any  degree  fenflble,  it  may  be 
corrected  by  the  Thermometer  (506.) 

5 1 1.  From  all  which  it  would  appear; 
that  the  influences  of  heat  and  coldy  may  be  very 
nearly ,  if  not  altogether  as  much  correSled  in 

Watches 
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Watches  as  in  Clocks  *  ;  and  the  exertion  of  the 
Ballance  Spring  made  to  preferve  the  fame  pro¬ 
portion  to  the  vis  in  fit  a  of  the  Ballance,  as  much 
o  s  the  exertion  of  gravity  does  to  the  vis  infita  of 
the  Pendulum  ;  and  confequently  the  Vibra¬ 
tions  of  the  former  be  rendered  as  ifochronal  as 
thofe  of  the  latter. 

r  12.  I  now  come  to  confider,  fever al  articles 
relative  to  the  nature  of  pallets,  that  may  yet  tend 
to  influence  the  times  of  Vibration  ;  and  to  point 
out  reafons  why  Watches  conftru&ed  on  the  ho¬ 
rizontal  principle,  mull  in  their  prefent  fate , 
perform  much  worfe  than  contrate  wheel  Watches 
if  the  principle  of  the  former  was  only  equal  to  that 
of  the  latter. 

513.  It  was  formerly  obferved,  that,  the 
influence  of  heat  and  cold  on  the  oil,  was  of  a  moll 
pernicious  nature,  as  no  remedy  could  be  applied 
by  an  oppofltion  of  the  expanflon  of  metals 
(i55)  5  1  therefore  fhall  enquire  into  the  compa¬ 
rative  degree  in  which  this  influence  takes  place 
in  horizontal  Watches,  and  thofe  of  the  com¬ 
mon  recoiling  principle. 

514.  It  was  fhewn  in  the  former  Eflay  (168), 
that  the  influence  of  the  oil  was  always  ( c.  p.) 
as  the  relative  velocity  of  the  parts  to  which  it 
was  applied  :  and  hence,  how  it  was  to  be  efti- 


*  In  Clocks,  the  influence  of  heat  and  cold  may  always  be 
diminilhed,  while  they  remain  in  any  degree  perceptible. 

mated 
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Influence  of 
the  OIL. 


Influence  of  the 
oil,  &c. 


How  efti  mated*. 
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°F  mated  on  each  part  of  any  machine  (169)  •  the 
* - v — - — '  fame  method  is  obferved  in  eftimating  its  influ¬ 

ences  in  the  following  table,  where  all  the  com¬ 
parative  dimenflons  of  the  Pivots ,  Cylinder ,  Ho¬ 
rizontal-wheel  and  Ballance ,  are  taken  from  an 
accurate  meafure  of  thofe  parts,  by  the  Se&or. 


515.  A  TABLE  {hewing  the  comparative 
influence  of  the  oil  on  the  pivots  of  each  wheel 
in  a  Watch,  with  a  train  of  1 8,000. 


Wheels. 

Mean  iize  of 
both  pivots. 

Number  of 
Revolutions. 

Influence  of  < 
the  oil. 

Firfl:  wheel 

12 

I 

I  2 

Minute  wheel 

6 

4- 

24 

Third  wheel 

2  i 

24 

56 

Fourth  wheel 

2  i 

240 

600 

Horizontal  wheel 

2 

2400 

4800 

Comparative  in¬ 
fluence  on  the  ho* 
f  izontal  pivots. 


Influence  of  the 
Ballance  pivots. 


416.  Thus  it  appears,  that  the  influence  of 
the  oil  on  the  horizontal  wheel  pivots  alone ,  is 
iix  times  as  great  as  on  all  the  others  taken  toge¬ 
ther  :  therefore,  if  the  influence  on  all  the  pivots 
be  exprefled  by  7,  that  on  the  horizontal  wheel 
will  be  6 ;  and  the  influence  on  all  the  others, 
One  (515):  And, 

517.  Becaufe  the  horizontal  wheel  has  15 
teeth,  and  every  tooth  has  its  pufh  at  each  edge 
of  the  cylinder,  it  follows,  that  30  Vibrations 
of  the  Ballance  will  be  performed,  for  every  re¬ 
volution 


WATCH-WORK. 


volution  of  the  wheel:  and  if,  at  a  medium,  we  lN“l'Eoi?  °? 

fuppofe  the  Ballance  to  move  one  third  of  a  turn  ' - % - ' 

at  each  Vibration,  the  motion  of  its  pivots,  in  30 
Vibrations  (or  one  turn  of  the  wheel),  will  be 
equal  to  Ten  entire  revolutions.  Therefore, 

518.  If  the  pivots  of  the  Ballance,  had  been  To  that  on  ail  th« 
of  equal  fize  with  thofe  of  the  horizontal*  wheel, 

the  influence  of  the  oil  on  the  former,  would  be  to 
that  on  the  latter ,  as  1  o  to  1  j  but  the  diameter 
of  the  Ballance-pivots,  are  to  thofe  of  the  wheel, 
only  as  3  to  4 ;  and  confequently,  the  influence 
on  the  former  will  only  be  to  that  of  the  latter, 

(in  round  numbers),  as  7  to  1.  And 

519.  The  comparative  influence  on  all  the  Comparative,  om 
pivots  of  a  Watch,  may  be  exprefied  as  follows,  horizontal018  °f 

Watches. 


n  .1  •  f  r,  2,  3  and  4  wheels  together 

n  "  r  <  Horizontal  wheel  —  — 


vots  of  the  i 


[Ballance 


On  all  the  pivots  together. 


r 

6 

42 


520.  And  as  the  flzes  of  the  pivots,  and  ^fi“e"ce ’ncreafeJ 
number  of  revolutions,  are  the  fame  in  contrate 
wheel  Watches,  as  in  horizontal  ones  with  the 
fame  number  of  beats  ;  the  influences  of  the  oil 
would  be  equal  on  the  pivots  in  each,  if  no  recoil 
took  place  :  but  let  us  on  account  of  the  recoil 
(or  retrograde  motion)  fuppofe  the  influence  on 
all  tiie  pivots  of  the  wheels  in  the  contrate  Watch 

Z  to 
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Ik™o"iW  t0  be  doubled  ;  then  will  the  total  influence  of 

i - v - 1  the  oil  on  fuch  a  Watch  be  exprefled  as  below  : 

for  no  oil  is  applied  to  its  pallets. 

rThe  firft  4  wheels  2 

On  the  pivots  of  ^  The  Ballance  wheel  1 2 

%The  Ballance  as  formerly  42 


Total  56 


On  contrate  wheel 
watches. 


Influence  on  the 
edges  of  the  cylin¬ 
der,  &c* 


521.  And  thus  it  appears^  that  the  total  in¬ 
fluence  of  the  oil  on  all  the  pivots  of  a  contrate 
wheel  Watch,  is  greater  than  in  a  horizontal 
Watch  :  but  in  the  latter ,  oil  is  applied  to  the 
cylinder,  the  influence  of  which  is  yet  to  be 
added  to  that  of  the  pivots. 

522.  The  influence  of  the  oil  on  the  aSling 
part  of  the  horizontal  wheel,  (i.  e.  on  the  edges 
of  the  cylinder )>  will  be,  to  the  influence  on  its 
pivots,  at  leaft  as  the  diameter  of  the  wheel  to 
that  of  its  pivots  (172) ;  or  nearly  as  67  to  1  ; 
and  confequently,  if  the  influence  on  all  the 
pivots  be  exprefled  as  formerly  by  49  (5 1 9),  the 
influence  on  the  edges  of  the  cylinder  will  be 
402.  And, 

523.  If  the  Ballance  be  fuppoled  as  formerly 
(517)  to  vibrate  7  of  a  turn  ;  the  influence  of 
the  oil  on  the  circular  part  of  the  cylinder,  will 
at  leaf!  equal  that  on  its  edges ;  and  confequently 
may  at  a  mean  be  exprefled  alfo,  by  40  a  :  and  the 

4  whole 
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whole  influence  of  the  oil  on  a  horizontal  Watch ,  IfT'UENCE  oF 
as  now  conJlruBedi  will  be  as  follows.  - y — -» 

On  all  its  pivots  >  —  49 

On  the  cylinder  —  —  804 

Total  853 

524.  The  whole  influence  of  the  oil  in  con-  Comparative  on 
trate  wheel  Watches,  has  already  been  ftated  at  56  ; 
therefore ,  the  comparative  influences  on  horizon-  Watches. 
tal  and  contrate  wheel  Watches  are  as  853  to  56, 

or  nearly  as  15  to  1.  Hence,  if  the  horizon¬ 
tal  principle,  was  only  equal  to  that  of  contrate 
wheel  Watches  with  recoiling  pallets,  in  alL  other 
refpedts,  the  errors  in  the  performance  of  hori¬ 
zontal  Watches,  would  be  to  the  errors  in  con¬ 
trate  wheel  Watches,  as  15  to  1  ;  but  expe¬ 
rience  proves  the  contrary ;  and  therefore,  when 
the  influence  of  the  oil  is  rendered  equal  in  both , 
the  performance  will  clearly  prove  the  fuperiority 
of  the  horizontal  principle. 

525.  It  is  evident,  that  the  influence  of  the  How  diminifhed 
oil  on  the  cylinder  is  ft c.  p.J  as  its  diameter  (168);  on  ths  cyI,nder* 
and  as  it  may  be  diminifhed,  by  reducing  the 

flze  of  the  horizontal  wheel,  or  by  increafing 
its  number  of  teeth ;  let  us  enquire  into  the  par¬ 
ticular  advantages  of  each  method. 

526.  Fi  rst,  let  the  diameter  of  the  wheel  As  the  diameter  of 

be  diminifhed,  as  reprefented  at  E,  4,  2,  1,  Plate  plate  xv 

Z  2  15. 


IJ2 

Influence  of 
the  OIL. 


Friction  not  al¬ 
tered. 


Inverfely  as  the 
number  of  teeth. 
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1 5 .  then  the  cylinder,  and  co?ifequently  the  in¬ 
fluence  of  the  oil  on  it,  will  be  diminiflied  in  the 
fame  proportion  ;  for  the  cylinders  bear  the 
fame  proportion  to  each  other,  as  the  wheel  to 
which  they  are  feverally  adapted;  (as  exprefled 
by  the  numbers  annexed)  *.  But 

527.  In  this  cafe,  the  fridtion,  and  confe- 
quently  the  danger  of  tearing  the  cylinder,  re¬ 
mains  unalterably  the  fame  ;  for  the  preflu  re  of 
the  tooth  on  the  cylinder  is  increased,  as  the 
length  of  the  tooth  diminifhes :  as  may  eaflly 
be  conceived  by  viewing  Plate  15.  at  E,  where 
the  preflure  is,  (c.  pi)  inverfely  as  the  diftance  of 
each  tooth  from  the  center  of  motion ;  i.  e.  in¬ 
verfely  as,  the  diameter  of  each  W heel. 

528.  Let  us  then  fuppofe,  the  number  of 
teeth  in  the  horizontal  wheel  increafed  ;  it  is 
plain,  that  the  length  of  each  mull  be  diminiflied 
as  their  number  increafes :  and  the  diameter  of 
the  cylinder  will  alfo  be  diminiflied  as  the  length 


*  The  Figure  in  Plate  1 6.  reprefents  the  manner  in  which 
the  horizontal  wheel  adts  on  the  cylinder ;  for  when  the  tooth 
B  has  done  adting  on  the  edge  of  the  cylinder*  the  tooth  C  drops 
on  its  outer  circumference,  on  which  it  refts,  till  the  Vibration 
is  performed,  and  the  other  edge  of  the  cylinder  comes  within 
its  fphere  of  adtion  ;  when  it  will  begin  to  adt  wedge-like,  and 
continue  till  the  edge  of  the  cylinder  gets  without  the  external 
dotted  circle,  when  the  tooth  will  drop,  on  the  inner  circum¬ 
ference,  as  reprefented  by  the  dotted  lines,  (and  by  the  cylin¬ 
der  at  D)  •*  and  thus  it  continues  to  adt  on  the  edges,  and  reft  on 
the  circumference  of  the  cylinder  alternately. 


of 
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of  the  teeth  ;  and  therefore,  (522,  525),  the  in-  cf 

fluence  of  the  oil  on  the  cylinder,  will  be  dimi-  1 - , - ' 

niAied  in  each  Vibration,  as  the  number  of  teeth 
increafes.  And 

p  2  0.  The  fridion  in  this  cafe,  is  alfo  dimi-  Friaion  in  each 

nifhed  in  each  Vibration,  m  the  mverle  propor-  n:fbed  in  the  fame 
tion  of  the  number  of  teeth  :  for  the  joint  fric-  proportion. 
tion  of  any  number  of  fmall  teeth ,  rubbing  on  the 
edg  es  of  the  cylinder,  ( c.  p.j  will  be  equal  to  the 
fri&ion  on  one  tooth ,  that  fub  tends  the  fame  angle 
at  the  center  of  the  wheel  (527)  :  See  Plate  15, 

E  4;  and  the  fridion  on  the  circular  part  of  the 
cylinder,  is  diminifhed  in  the  fame  proportion  as 
that  on  its  edges  (528) ;  therefore ,  the  total  fric¬ 
tion,  as  well  as  inAuence  of  the  oil  on  the  cylin¬ 
der  in  each  Vibration ,  will  be  inverfely  as  the 
number  of  teeth  in  the  horizontal  wheel :  from 
which  it  naturally  follows ,  that 

530.  The  train  of  a  Watch  may  even  be  dou-  Advantages  of  tbi* 
bled,  without  any  how  increaAng  fridion  or  in-  method' 
Auences  of  the  oil  on  any  part  of  the  Watch  ; 

the  Ballance  pivots  excepted  :  and  thus  may 
heavy  Ballances  and  ftrong  Ballance  Springs  be 
introduced,  without  the  rifle  of  fetting,  or  dan¬ 
ger  of  tearing  the  cylinder,  any  more  than  with 
a  common  train  (471),  &c.  Or, 

531.  If  the  train  remain  the  fame ,  the  in¬ 
Auence  of  the  oil  and  fridion,  will  be  diminifhed 
in  every  part  of  the  Watch  (Ballance  pivots  ex¬ 
cepted)  as  the  number  of  teeth  of  the  horizontal 

wheel 


"V 


Conclufion. 


V 
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Of  pal  lets, he.  wheel  increafes  :  thus,  if  the  number  of  teeth  in 
v'  the  horizontal  wheel  be  doubled,  and  the  train 
remains  the  farflfe  ;  the  influence  of  the  oil  on 
the  cylinder  will  be  reduced  to  a  half  (529) ;  and 
the  revolutions  of  all  the  wheels,  and  confe- 
quently  the  fridtion,  and  influence  of  the  oil  on 
all  the  pivots,  will  undergo  an  equal  dimhmtion. 

Or, 

532.  If  the  train  and  number  of  revolutions 
of  each  wheel,  be  continued  the  fame  ;  the  leaves 
of  the  pinions  may  be  increafed  in  the  fame  pro¬ 
portion  as  the  teeth  of  the  horizontal  wheel ; 
and  this  will  increafe  the  adlion  of  that  wheel  on 
the  cylinder  ;  and  confequently  enlarge  the 
Vibrations,  as  well  as  diminifh  the  influence  of 
the  oil  on  the  cylinder  (529)  *. 

c;  3  3 .  From  all  which  conjiderations  it  appears, 
that  it  is  much  more  advantageous  to  increafe 
the  number  of  teeth  of  the  horizontal  wheel,  than 
to  diminifh  its  diameter. 

534.  In  the  horizontal  wheel  now  univerfally 
ufed,  each  tooth  is  formed  into  an  inclined  plane 
PLATE  xv.  or  wedge,  as  reprefented  in  Plate  15.  which 

a£ls  on  the  edges  of  the  cylinder,  and  by  that 
means  maintains  the  Vibrations  5  and  thefe  teeth 


Inconveniencies  of 
the  horizontal 
wheel  now  ufed. 


*  The  friction,  and  irregularity  of  a&ion  in  pinions,  are  di- 
minifhed  as  the  verfed  fines  of  the  angles  fubtended  by  their 
leaves  :  thus,  the  fridion  and  irregularities  of  a&ion  in  a  pinion 
of  6,  is  to  that  in  a  pinion  of  9,  as  2  to  1  nearly  ;  and  to  that 
in  one  of  12,  nearly  as  4  to  1. 

after 
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after  performing  their  office,  reft  alternately  on  Of  pallets,  &c. 
the  internal  and  external  circumference  of  the  'r 

cylinder  ;  and  therefore ,  the  frhftion  and  influence 
of  the  oil  on  the  cylinder,  during  the  time  of 
reft  of  the  wheel,  will  ( c.  p.)  be  as  the  mean  cir¬ 
cumference  of  the  cylinder. 

535.  But  the  inftde  diameter  of  the  cylinder, 
muft  be  fomewhat  more  than  the  length  of  the 
tooth,  and  the  outflde  will  be  yet  increafed  by 
the  neceflary  thicknefs  of  the  cylinder  ;  there¬ 
fore  its  mean  diameter  cannot  with  this  con- 
ftru&ion  of  a  wheel  be  reduced  to  fuch  a  de¬ 
gree  as  will  render  the  application  of  oil  unne- 
ceflary.  But, 

536.  If  the  cylinder  be  made  fo  thick  as  to  How  remedied, 
admit  of  having  that  inclination  formed  on  its 

edges,  which  is  now  formed  on  the  face  of  the 
tooth  ;  the  teeth  may  then  be  made  ftraight 
without  any  wedge,  and  of  the  ftze  of  a  fmall 
needle ;  and  this  will  admit  of  an  equal  diminu¬ 
tion  of  the  infide  diameter  of  the  cylinder,  which 
will  occafton  a  proportional  decreafe  of  fri&ion, 
during  the  reft  of  the  wheel  thereon.  And, 

537.  If  the  teeth  of  fuch  wheel ,  be  formed  al-  Reft  performed  on 

ternately  on  each  fide  thereof,  (as  in  Fig.  3.  Plate  of  the 

16.)  they  may  always  be  made  to  reft  on  the  in-  PL  aTE  xv? 
fide  circumference  of  the  cylinder,  thus  reduced  Fig.  i. 
(comparatively  to  a  point)  ;  and  by  this  means, 

the  fridtion  on  the  cylinder,  during  the  time  of 
reft,  will  be  fo  much  reduced,  as  not  to  require 

the 


Of  pallets,&c. 


Advantages  of 
fuch  alteration, 

h  c. 


Conclufion. 

PLATE  XVI. 
Fig.  i. 


Any  power  co¬ 
operating  with 
the  Ballance 
Spring,  will  acce¬ 
lerate*  the  Vibra¬ 
tions. 


And  die  contrary. 
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the  application  of  oil  ;  nor  will  the  application 
of  it,  during  the  time  of  action  of  the  wheel,  be 
more  neceffary  here,  than  in  the  common  recoil¬ 
ing  pallets. 

538.  And  this  will  improve  the  performance, 
not  only  by  removing  the  influence  of  the  oil 
from  the  cylinder,  fo  as  to  bring  horizontal 
Watches  in  that  refpedt,  on  a  par  with  thofe  of 
the  common  conftrudtion  (524) ;  but  alfo  by  di- 
minifhing  the  fridtion  on  the  cylinder,  fo  as  to 
make  the  fame  maintaining  power  fupport  a  much 
longer  Vibration  ;  the  advantages  of  which  have 
already  been  confldered  (488),  489). 

539.  And  if  fuch  a  horizontal  wheel,  as  here 
deferibed  and  reprefented  in  Plate  16.  Fig.  1.  be 
made  of  well  tempered  fteel,  and  the  parts  of 
adtion  of  the  cylinder  of  fteel  thoroughly  hard, 
or  diamond,  the  performance  of  fuch  machine, 
will  prove  the  fuperiority  of  the  horizontal  prin¬ 
ciple  to  any  other. 

540.  Since  the  fpiral  Spring  promotes  the  mo¬ 
tion  of  the  Ballance  towards  its  point  of  refi,  and 
oppofes  its  recefs  therefrom  ;  it  is  plain,  that  if  any 
other  power  be  made  to  adf  on  the  Ballance  in 
the  fame  manner,  it  will  have  a  flmilar  effedt  on 
the  times  of  Vibration,  as  an  increafe  of  frength 
in  the  Spring  would  have  ;  i.  e.  it  will  fliorten  the 
times.  And 

541.  If  the  fame  power  be  applied,  fo  as  to 
oppofe  the  motion  of  the  Ballance  towards  its  point 


I 
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of  rejly  and  promote  the  motion  therefrom,  it  Of  pallets,  &c. 
will,  by  fuch  means,  count eraSi  the  exertion  oi 
the  Spring  (411),  as  much  as  it  affifted  in  the 
former  cafe  (540)  ;  and  therefore,  will  have  a 
contrary  effect ;  i.  e.  it  will  prolong  the  times  of 
Vibration.  And  thus ; 

542.  If  the  action  of  the  horizontal  wheel,  Thofe  effects 

be  fo  applied  to  the  edges  of  the  cylinder,  that  and  will 

it  fall  co-operate  with  the  Ballance  Spring  in  its  deftr°y eac!l  0£her‘ 
unbending ,  juft  as  much  as  it  counteracts  it  in 

bending  (41  x),  the  one  half  of  its  ad  ion  will  con¬ 
trast  the  time  of  Vibration  (540),  as  much  as 
the  other  prolongs  it  (541) ;  and  confequently , 
thofe  equal  and  contrary  effects  will  always  bal¬ 
lance  each  other,  and  leave  the  whole  time  of  Vi¬ 
bration  the  fame ,  as  if  no  fuch  caufe  took  place. 

Hence,  fuch  changes  as  happen  in  the  action  of 
the  wheel  on  the  pallets,  cannot  alter  the  times 
of  Vibration. 

543.  Example.  Let  there  be  fuppofed  two  niuftrated. 
concentric  circles  palling  through  the  extremi¬ 
ties  of  the  parts  of  action  of  the  horizontal  wheel, 

as  reprefented  by  the  dotted  lines  in  Plate  15.  plate  XV. 
it  is  evident,  that  the  wheel  can  only  ad  on  the 
edges  oi  the  cylinder,  while  they  remain  within 
thofe  circles ;  and  if  their  diftance  be  divided  in¬ 
to  two  equal  parts  as  at  A,  and  another  circle  be 
drawn  through  that  point ;  the  edges  of  the  cy-  < 
linder  when  at  reft,  fhould  terminate  in  that  cir¬ 
cle,  as  reprefented  alfo  at  A  *,  in  which  cafe,  the 

A  a  maintaining: 
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PLATE  XV. 


Length  of  Vibra¬ 
tion,  as  the  velo¬ 
city  at  the  loweft 
point,  &c. 
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maintaining  power  would  prolong  the  time  of 
the  one  half  of  the  Vibration  (54.2),  juft  as  much 
as  it  contracted  the  other.  But, 

544.  If  the  edges  of  the  cylinder  reft  within 
this  circle,  as  at  G,  the  maintaining  power  will  pro¬ 
long  the  one  half  of  the  V ibration  (540),  more  than 
it  contracts  the  other  (541),  in  proportion  as  the 
edges  of  the  cylinder  lie  nearer  the  inner  circle,  than 
the  outer  ;  See  Plate  1 5.  at  G :  and  confequently, 
the  whole  Vibration  will  take  up  more  time  than 
if  performed  by  the  aCtion  of  the  Ballance  Spring 
only  ;  and  this  effeSi  of  the  maintaining  power, 
will  become  greater  as  the  Vibrations  become 
fljorter  (as  fhall  be  (hewn  hereafter) ,  and  produce 
the  fame  effeCt  on  the  meafure  of  time,  as  if 
the  fliorter  Vibrations  of  the  Ballance,  when  ac¬ 
tuated  by  its  Spring  alone,  were  naturally  flower 
than  the  longer  ones  * :  and  this  is  the  cafe  in  all 
horizontal  watches ;  for  if  the  edges  of  the  cy¬ 
linder  were  to  reft  in  the  circle,  as  at  A,  the 
ooints  of  the  teeth  would  not  drop  on  the  circu¬ 
lar  part  of  the  cylinder,  (as  at  C  and  D),  but 
on  its  edge ;  which  would  check  the  Vibration, 
and  produce  the  moft  deftruCtive  effeCf. 

545.  The  length  of  Vibration  in  Pendulums, 
(c.  p.)  depends  on  their  velocity  at  the  point  of 
reft,  (i.  e.  at  their  loweft  point),  and  the  time 


*  And  thus  will  every  change  in  the  a6iion  of  the  wheels, 
or  any  other  caufe  that  can  alter  the  angle  of  Yibration,  alfo  alter 
the  times. 


of 
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of  the  fubfequent  afcent  will  be  the  Tame,  whe-  Of  pallets,  &e. 
ther  fuch  velocity  was  the  foie  effeEi  of  gravity,  v 

or  the  joint  effeEi  of  it  and  the  aEiion  of  the  wheels 
in  the  preceding  defcent  *  ;  and  the  time  of  the 
fubfequent  defcent  cannot  be  influenced  by  the 
a&ion  of  the  wheels,  before  fuch  a&ion  takes 
place  ;  it  therefore  follows  •f,  That, 

546.  TEhe  influence  of  the  maintaining  power  on  influence  of  the 
the  meafure  of  time ,  is,  ( c.  p.)  as  the  time  of  maintaining 

•J  ,  \  ...  .  1  rr  n,  •  •  •  Power>  as  its  time 

its  aEiion  (545)  ;  nor  will  its  effect  in  maintain-  of  affion. 
ing  the  Vibrations,  be  any  how  lefiened  by  fhor- 
tening  its  time  of  addon  and  all  this,  as  appli- 


*  See  Sir  Isaac  Newton’s  4th  Definition,  where  he  fays,  An 
“  inTprefied  force  remains  no  longer  in  a  body,  than  its  adtion 
cc  continues  ^  for  a  body  maintains  every  new  ftate  it  acquires 
“  by  its  vis  injit  a  only.” 

■f  It  alfo  follows,  from  thofe  confiderations,  that  it  is  more 
advifeable,  in  Clocks,  to  apply  the  adlion  of  the  wheels  to  the 
Pendulum,  in  the  time  of  its  afcent  than  defcent ;  and  in 
Watches,  in  the  time  of  bending,  than  the  time  of  unbending 
the  Ballance  Spring  :  for  if  fuch  adtion  be  applied  in  the  time  of 
afcent,  its  effedt  on  the  meafure  of  time  ceafes  with  the  adiion  *, 
but  whatever  power  adds  to  the  velocity  of  the  Pendulum,  &c. 
in  its  defcent,  will  influence  the  time  of  all  the  fubfequent  part 
of  the  defcent :  and  for  the  fame  reafon,  it  will  hurt  the  per¬ 
formance,  to  make  the  maintaining  power  adt  more  vigoroufly 
at  the  beginning  than  towards  the  end  of  defcent.  (See  the 
Notes  to  226.) 

j  See  Sir  Isaac  Newton’s  Second  Law  of  motion  ;  where 
he  fays,  “  If  any  force  generates  a  motion,  a  double  force  will 
generate  a  double  motion,  a  triple  force  a  triple  motion, 
whether  that  force  be  impreflfed  altogether  and  at  once,  or 
46  gradually  and  lucceflively.”  I  have  already  (440)  endeavoured 
to  fhew  how  the  bad  effedls  of  the  vis  inerlite  of  the  wheels  are 
to  be  diminifhed,  and  therefore  take  no  notice  of  it  here. 

.  A  a  2  cable 
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Principle  on 
which  the  main¬ 
taining  power 
cannot  alter  the 
time  of  Vibration. 


Xntrodu&ion  to 
further  confidera 
tions?  Sic, 
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cable  to  the  Vibrations  of  the  Ballance,  as  thofe 
of  the  Pendulum  (41 3). 

547.  And  thus ,  by  making  a  horizontal  wheel 
that  will  act  on  the  cylinder,  juft  as  much  in  the 
time  of  bending  the  Ballance  Springy  as  in  the 
time  ot  its  unbending  *  ;  the  maintaining  power 
may  be  made  to  prolong  the  time  of  one  half  the 
Vibration  (541),  as  much  as  it  contracts  the 
other  (540) ;  and  if  the  leaft  defeSl  yet  remains 
owing  to  the  execution,  &c.  its  effeSt  may  be 
diminifhed  by  fhortening  the  time  of  adtion  of 
the  wheel  on  the  cylinder  (546);  and  by  thofe  joint 
means,  the  performance  may  be  rendered  more 
compleat  in  watches  (fo  far  as  depends  on  the 
maintaining  power),  than  in  Clocks  where  the  in¬ 
fluence  of  the  oil  takes  place  +•  But, 

548.  Having  already  fhewn  reafon  (544), 
why  all  horizontal  watches  hitherto  made,  or 
that  can  be  made,  with  the  wheel  and  cylinder, 
now  in  ufe,  muft  have  their  Vibrations  fomewhat 
flower  than  if  the  Ballance  was  actuated  by  its 
Spring  alone  :  and  why  this  effect  muft  become 


*  That  is,  that  the  adbion  of  the  wheel  on  the  Ballance  be 
equally  applied  on  each  fide  the  point  of  reft*,  or  that  the 
wheel  adt  as  much  on  the  Ballance  in  the  time  of  its  approach 
to  its  point  of  reft,  as  in  the  time  of  its  recefs  therefrom. 

f  Here  it  is  to  be  noted,  that  as  the  influences  of  heat  and 
cold  on  the  oil,  main  Spring,  and  Fufee,  only  tend  to  increafe 
or  diminifh  the  ) maintaining  flower^  their  effedts  on  the  times  of 
Vibration  are  totally  removed  by  this  method  of  applying  it  to 
the  Ballance. 

greater 
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greater  in  the  fhorter  Vibrations,  than  in  the  °J  PAL“TS) 
longer  ones  (546)  *•  I  now  come  to  a  more  par¬ 
ticular  conlideration  of  a  wheel  and.  pallets,  that 
will  admit  of  removing  this  defedt,  as  well  as 
the  influence  of  the  oil  5  and  by  that  means  leave 
the  Vibrations  of  the  Ballance  and  Spring  in  full 
pojfejfion  of  all  their  natural  properties. 

1:40.  Fig.  x.  Plate  16.  represents  a  fcapement  Defcription  of  a 

confifting  of  one  pallet  and  a  detent,  by  means  new  fcapemcnt' 
of  which  the  wheel  ads  on  the  Ballance,  at  every  plate  XVI. 
fecond  Vibration  only  ;  this  fcapement,  if  judi- 
cioufly  executed,  will  have  the  properties  formerly 
mentioned  (547),  and  admit  of  very  quick  Vi¬ 
brations,  as  the  time  of  action  of  the  wheel  bears 
fo  fmall  a  proportion  to  its  time  of  reft  ;  and  the 
infide  diameter  of  the  detent  and  pallet  may  be 
made  fo  very  fmall  (in  proportion  to  the  mean 
diameter  of  common  cylinders),  as  almoft  to  an¬ 
nihilate  fridlion,  and  the  influences  of  the  oil 
during  the  time  of  reft  (526) ;  by  which  means, 
the  Vibration  will  be  much  increafed  ;  and  hence , 
a  double  advantage  acquired,  even  though  the  ufe 
of  oil  fhould  yet  be  found  neceflary  ft. 

550.  This  fcapement  will  alfo  ferve  to  prove  iifes  of  tins  fcape- 
exper mentally,  what  has  been  faid  concerning  the  ment> 


*  For  which  reafon  every  caufe  that  can  alter  the  length  of 
the  Vibrations,  will  alfo  alter  their  times. 

•f  In  this  fcapement  all  the  teeth  of  the  horizontal  wheel  (land 
on  one  fide,  as  repreiented  by  Fig.  2. 


nature 
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Q*  pallets.  Sic,  nature  of  fcapements  (540,  541),  and  how 

much  the  effedts  of  the  maintaining  power  on 
the  times  of  Vibrations  of  different  lengths,  have 
hitherto  been  mift alien  for  the  natural  tendency  of 
the  Ballance  and  Spring. 

Experiment. 

*  -  *  '  if 

Longer  Vibrations  5  5 1 .  If  the  pallet  be  in  the  pofttion  reprefent- 

rendered  qmckeft.  ec[  at  a,  pig.  when  the  Ballance  is  at  reft, 

PLATE  XVI.  the  aElion  of  the  wheel  will  tend  to  prolong  the  time 

of  Vibration  (541)  ;  and  this  effedt  will  be 
greateft  on  the  fhorter  Vibrations  (546) ;  hence, 
if  the  natural  tendency  of  the  Vibrations  be  ifo- 
chronal,  the  adtion  of  the  wheel  on  the  pallets 
will  render  the  jhorter  Vibrations  of  longer  dura¬ 
tion  than  the  longer  ;  and  all  the  Vibrations  ftower 
than  they  would  be  performed  by  the  foie  exer¬ 
tion  of  the  Ballance  Spring. 

Experiment. 


Longer  Vibrations  r  c  2 .  Let  the  pallet  be  in  the  pofttion  repre- 
rendered  floweft.  pente(j  at  q,  when  the  Ballance  is  at  reft  ;  and 

plate  xvi.  tpe  a(ftion  0f  the  wheel  will  fhorten  the  time  of 

Vibration  (540),  and  render  them  quicker  than 
if  performed  by  the  exertion  of  the  Ballance 
Spring  alone ;  and  this  accelerating  effedt  alfo  will 
be  greateft  in  the  fhorter  Vibrations  (546) ;  and 

confequently. 


/ 
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confequently,  if  all  the  Vibrations  of  the  Bal- 
lance  were  naturally  ifochronal,  the  action  of 
the  wheels  would,  in  this  cafe,  render  the  longer 
Vibrations  flower  than  the  Jhorter  :  how  abfurd 
then  is  it !  to  form  a  conclufion  of  the  natural 
tendency  of  the  longer  and  fhorter  Vibrations  of 
the  Ballance  and  Spring,  while  fuch  foreign  and 
unobferved  caufes  influence  them. 


Of  pallets,  &c. 


Experiment, 


533.  Lajlly ,  if  when  the  Ballance  is  at  reft,  All  the  Vibrations 
the  pallet  be  in  the  pofition  reprefented  at  B  ;  properties1,  &ct.ural 
the  one  half  of  the  adion  of  the  wheel  on  the  PLATE  xvr 
pallet  will  be  exerted,  while  the  Ballance  Spring 
is  unbending ,  and  the  other  half,  while  bending  ; 
and  confequently,  the  former  half  will  contrad 
(540),  as  much  as  the  latter  prolongs  (541),  the 
time  of  Vibration,  and  the  whole  time  will  be 
the  fame,  as  if  the  Ballance  was  aduated  by  its 
Spring  alone ,  without  any  regard  to  the  force, 
with  which  the  wheel  ads  on  the  pallet  *. 

c.  C4.  By  the  above  means  we  may  not  only  How  the  defers  of 

.r  rJ  11  ^  the  Ballance 

diicover  the  natural  tendencies  of  the  longer  Spring  may  be 

remedied. 


*  The  only  inconvenience  of  this  fcapement,  fo  far  as  occurs 
to  me,  is,  that  the  interval  between  the  beats  will  be  alternately 
long  and  fhort ;  but  this  will  in  no  degree  influence  the  meafure 
of  time,  or  render  the  Watch  lefs  fit  for  obfervations  of  any 
kind  ;  for  thofe  two  beats  which  come  clofe  to  each  other,  may 
be  confidered  as  one. 


and 
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Of  pallets,  &c.  and  fhorter  Vibrations  of  any  Ballance  and  Spring 
v  when  no  maintaining  power  is  aPPlied  (553) ; 
but  the  natural  tendency  being  once  known ,  if  the 
longer  Vibrations  be  quicker  than  the  fhorter, 
or  the  fhorter  quicker  than  the  longer,  they  may 
be  corrected  by  altering  the  pofition  of  the  pal¬ 
let  as  already  mentioned  (551,  55 2)  -fa 

introduction  to  555.  Having  pointed  out  the  means ,  by  which 
another  icapement.  natural  properties  of  the  Ballance  and  Spring 

may  be  preferved ,  by  a  proper  attention  to  the  po- 
fition  of  the  pallet  ( where  one  only  is  ufed )  (553), 
I  now  come  to  confder  the  means  of  preferving  and 
recovering  them ,  where  two  pallets  are  ufed ,  and 
the  wheel  aBs  in  every  Vibration. 

556.  Fig.  4.  Plate  16.  fhews  the  nature  of 
the  curve,  into  which  the  edge  of  the  cylinder  is 
to  be  formed :  from  which  it  appears,  that  the 
wheel  has  an  equal  power  of  moving  the  Ballancey 
on  whatever  part  of  this  curve  it  aEls  ;  for  if  the 
cylinder  be  made  to  move  through  equal  fpaces, 
as  marked  on  the  Arc  A  B,  the  wheel  will  ad¬ 
vance  equal  fpaces,  as  marked  on  the  line  A  D  ; 
and  it  is  to  be  underflood,  that  the  fcapement  in 
Fig.  1.  as  well  as  the  following  ones,  has  this 
property. 


Defcription,  &c. 
of  the  curve  of 
adlion. 

PLATE  XVI. 


And  what  is  here  faid,  relative  to  the  pofition  of  this  one 
pallet,  is  equally  applicable  to  each  pallet,  where  two  are  ufed  : 
and  if  the  relative  pofition  of  the  pallets  to  each  other  could  be 
altered,  the  effect  would  be  as  above  ftated. 

557-  Fig- 
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557*  Fig-  5-  reprefents  the  relative  pofition  ot  Or  pallets,  &c. 

both  edges  of  the  cylinder,  when  the  wheel  is  v~ 

made  to°  ad  at  each  Vibration  ;  and  its  teeth  S^fed^foOhe 
Hand  alternately  to  each  fide,  as  in  Fig.  3.  where  cylinder.  _ 
it  appears,  that  the  fame  central  angle  A  C  B, 
fubtends  both  the  curves  on  the  edges  of  the  cy¬ 
linder  ;  and  that  thofe  curves  crofs  each  other, 
exadly  at  half  the  thicknefs  of  the  cylinder  ; 
without  which ,  the  natural  tendency  of  the  Vi¬ 
brations  will  be  difturbed  (553). 

3*5  8.  Here  it  is  to  be  obferved,  that  as  the  When  the- time  of 

effed  of  any  imperfedion  of  the  maintaining  rfndered'iong,  and 
power,  is  increafed  or  diminifhed,  with  the  angle  when  ftlort- 
which  the  curve  of  adion  on  the  edge  of  the  cy¬ 
linder  fubtends  at  the  center  ( 5  46) ;  fuch  angle 
fhould  be  diminifhed,  where  the  true  meafure  of- 
time  is  the  chief  objed  of  our  attention ;  and  in¬ 
creafed ,  where  we  dejire  by  experiments  to  prove , 
the  theory  of  pallets  and  Ballance  Springs  *. 

559.  It  is  alfoto  be  obferved*,  that  when  two  Obfervation. 
pallets  are  ufed,  (/.  e.  when  the  wheels  ads  on 
both  edges  of  the  fame  cylinder)  the  comparative 
times  of  the  longer  and  fhorter  Vibrations,  can¬ 
not  be  altered  as  with  the  fcapement,  Fig.  1.  plate  xvl 
(55 x>  552> 


*  Here  it  is  to  be  obferved,  that  by  increafing  or  diminifliing 
the  angle  fubtended  by  the  curve  of  adion  of  the  pallet, 
(h  e«  the  angle  of  fcapement)  the  time  of  adion  of  the  main¬ 


taining  power  is  alfo  increafed  or  diminifhed,, 

B  b  560,  If 
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this  refpeft,  equal 
theory. 


How  thofe  incon- 
veniencies  may  be 
avoided. 


IMPROVEMENT  OF 

560.  If  execution  could  be  fuppofed  equal  to 
mathematical  demonftration,  and  the  teeth  of  the 
horizontal  wheel  as  fine  as  a  mathematical  line, 
we  might  in  practice,  as  well  as  in  theory,  pre¬ 
fer  ve  the  natural  properties  of  the  Vibrations, 
by  the  means  propofed  in  paragraph  (542),  and 
reprefented  by  Fig.  5.  But  as  the  teeth  muft 
have  fome  fmall  thicknefs,  and  we  muft  carefully 
guard  againft  their  dropping  on  the  edge  (or  part 
of  action)  of  th£  cylinder,  we  cannot  perfectly 
preferve  the  natural  properties  of  the  Ballance  and 
Spring,  with  this  conftru£tion  of  pallets  ;  but  be 
in  a  lefs  degree  liable  to  the  retardation,  which 
was  faid  to  take  place  in  the  common  horizontal 
wheel  (544)  *. 

561.  I  therefore  come  to  enquire ,  by  what  con- 
fruEUon  of  pallets  thofe  inconveniencies  may  be 
avoided ,  and  the  wheel  made  to  aEl  at  each  Vi¬ 
bration  t  i.  e.  on  both  edges  of  the  cylinder. 


*  Mr.  Lepaute,  an  ingenious  French  Clockmaker,  in  his 
Treatife,  publiflhed  at  Paris  1755,  deferibes  a  conftruftion  of 
pallets  of  his  invention,  in  which  the  tooth  refts  on  the  iniide 
of  the  cylinder  at  each  Vibration  ;  by  which  means,  the  fri&ion 
on  it,  during  the  time  of  reft,  is  very  much  diminifhed,  and 
confequently  a  very  confiderable  advantage  gained.  But  the 
action  of  the  wheel  tends,  in  his  conftrudlion,  to  retard  the  Vi¬ 
bration,  during  its  whole  time  of  action  ;  and  this  effeft  will 
always  increafe  or  diminifh,  in  proportion  to  the  length  of  Vi¬ 
bration,  and  every  caufe  that  can  alter  the  length  of  Vibration 
will  alter  the  times  ♦,  nor  has  any  attempt  been  ever  yet  made 
to  obviate  this  evil,  fo  far  as  cgnfifts  with  my  knowledge. 

562.  Let 
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562.  Let  us  then  fuppofe,  that  the  curves  on 
the  edges  of  the  cylinder,  fubtend  different  angles 
at  the  center,  as  A  E  B,  BEC,  Fig.  6.  and  let 
the  dotted  line  E  B,  reprefent  part  of  the  dotted 
Arc  which  circumfcribes  the  points  of  the  teeth 
of  the  wheel,  as  at  A,  Fig.  1.  it  is  evident  (551), 
that  the  whole  addon  of  the  wheel  on  each  pal¬ 
let,  will  prolong  the  times  of  Vibration  :  but  as 
the  angle  B  K  C,  fubtended  by  the  edge  of  the 
cylinder,  Fig.  7.  may  eafily  be  known,  we  may 
find  another  angle  E  K  D  *,  which  the  Ballance 
will  be  thrice  as  long  in  defcribing :  then  if  L  G, 
be  made  equal  to  I  of  F  D,  and  the  curve  G  F, 
be  formed  in  the  fame  manner  as  the  curve  A  D, 
(or  D  B,  Fig.  4.)  the  aSiion  ef  the  wheel  on  it 
will  accelerate  each  V ibration,  as  much  as  it  re¬ 
tards  on  the  curve  AD.  For 

563.  If  the  power  of  the  wheel  in  moving  the 
Ballance,  was  as  great  on  the  curve  G  F,  as  on  A  D, 
(or  A  B,)  the  effects  on  each  would  be  as  the  re¬ 
lative  times  of  addon  (446) ;  and  each  time  of 
addon  on  the  curve  G  F,  is  (by  the  hypothefis) 
thrice  as  long,  as  the  time  of  addon  on  the  edge 
of  the  pallet  A  D ;  and  the  wheel  adts  on  G  F, 
both  in  the  progrefs  of  the  Ballance  towards  the 
extremity  of  Vibration,  and  in  its  return,  where- 


*  See  (’408),  where  the  properties  of  the  Vibrations  of  the 
Ballance  and  Spring  are  Ihewn  to  be  the  fame  with  thofe  of  a 
Pendulum  vibrating  in  the  cycloid,  &c. 

B  b  2  as 
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Or  pallets,  &c.  as  it  acts  on  A  D,  only  once  in  each  Vibration  ; 
v  .  therefore,  the  whole  time  of  adtion  on  G  F,  is 
to  the  whole  time  of  adtion  on  A  D,  in  each  Vi¬ 
bration,  as  6  to  i »  But  when  a  caufe  is  uni¬ 
formly  exerted,  the  effedt  will  be  as  the  times : 
hence,  if  the  wheel  had  the  fame  power  of  mo¬ 
ving  the  Ballance  on  the  curve  G  F,  that  it  has 
on  A  D,  the  acceleration  on  the  former,  would 
be  fix  times  as  great  as  the  retardation  on  the 
latter  :  but  the  power  of  the  wheel  on  G  F,  is 
to  its  power  on  A  D,  as  L  G,  to  F  D ;  that  is,  as 
i  to  6.  therefore,  the  powers  being  in  each  in¬ 
versely  as  their  times  of  adtion,  the  effedts  will  be 
equal.  Confequently 

ConciuCon.  564.  Whatever  be  the  adtion  of  the  wheels 

on  pallets  offuch  conflru&ion,  it  will  as  much  ac¬ 
celerate  [i.  e.  contradt)  the  one  part  of  the  time 
of  Vibration,  as  it  prolongs  the  other  :  and  the 
whole  time  of  any  V ibration,  of  whatever  length, 
will  be  the  fame,  as  if  performed  by  the  foie  exer¬ 
tion  of  the  Ballance  Spring . 

CO  RO  L  L  AR  T. 

565.  If  the  curve  GF,  was  continued  till  it 
terminated  in  the  center  (as  reprefented  by  the 
dotted  line),  the  acceleration  would  conllantly 
increafe  as  the  Vibration ;  but  the  retardation  on 
AD,  is  diminifhed  as  the  Vibration  increafes 

2  (446)  5 
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(446) ;  and  therefore ,  fo  foon  as  the  angle  of  Vibra-  Of  pallets,  &c. 
tion  becomes  greater,  than  twice  the  angle  E  K  C,  v" 
the  whole  time  of  Vibration  would  be  contracted, 
and  that  in  proportion  to  the  increafe  of  Vibration : 
and  this  fhews  the  neceflity  of  difcontinuing  the 
curve  F  G,  at  G,  and  fubftituting  the  circular  Arc 
G  I M,  which  ftiould  fubtend  an  angle  at  leaft  equal 
to  the  greateft  fluctuations  of  the  Vibration. 

1566.  What  is  above  demonftrated  of  the  in-  The  fame  demon- 
fide  of  a  cylinder,  is  equally  applicable  to  the  c.'p.'Tpp^t^the 
outflde,  as  on  the  tumbling  pallets  :  but  as  the  °^e  of  a  °y- 
wheel  has  not  in  them,  an  equal  power  of  moving 
the  Ballance  in  every  part  of  its  aCtion,  the  de-  But  does  not  m 

.  ...  J  r  .  .  .  ir  ,  ,  the  tumbling  pal- 

monltration  will  not  apply  :  it  is  alio  to  be  ob-  lets, 
ferved,  that  when  thofe  pallets  are  made  to  have 
fuch  a  proportion  to  the  wheel,  that  its  teeeh 
fhall  aCt  nearly  at  right  angles  to  the  circumfe¬ 
rence  of  the  cylinder,  during  the  time  of  reft, 
the  time  of  aSlion  on  the  pallets ,  will  bear  too  great 
a  proportion  to  the  time  of  reft  (446) ;  by  which 
means,  the  effeCt  which  any  external  motion  or 
alteration  in  the  aCtion  of  the  wheels,  will  have 
on  the  meafure  of  time,  will  alfo  be  increaled, 
as  well  as  the  chances  of  the  Watch’s  flopping 
by  the  influence  of  any  external  motion  :  for 
which  reafons  I  thought  it  unneceflary  here,  to 
give  a  particular  defcription  of  them;  the  ne- 
ceflary  remarks  on  pallets  having  already  far  ex¬ 
ceeded  my  intended  limits :  nor  does  it  appear 
to  me,  that  any  one,  who  fully  underftands 

what 
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Of  pallets,  &c.  what  has  been  faid  in  this  and  preceding  eflays, 
v'  can  be  at  any  lofs,  in  eftimating  the  merits  of 
any  particular  conftruCtion  of  pallets,  or  in  con- 
ftruding  new  ones,  to  anfwer  any  particular  pur- 
pofe. 

Of  the  Ref  fiance  of  the  Air . 


Air,  its  dcnfity 
does  not  alter  the 
motive  force  of 
the  Ballance. 


Hence  cannot  in¬ 
fluence  the  times 
with  perfect  pal¬ 
lets,  &c. 


In  what  cafes  it 
does  alter  the 
times. 


567.  As  the  times  of  Vibration  of  a  Bal¬ 
lance,  have  no  dependence  on  gravitation,  it 
follows,  that  no  alteration  in  the  fpecific  gravity 
of  the  air,  can  alter  its  motive  force ,  as  it  does 
that  of  Pendulums  (378).  therefore , 

568.  Any  alteration  of  denlity  in  the  air,  can 
only  influence  the  Vibrations  of  a  Ballance,  by 
fhortening  the  Vibration  in  proportion  to  the 
increafe  of  denlity  :  nor  can  fuch  changes  in  the 
length  of  Vibration,  alter  its  whole  time  any 
any  other  ways,  than  by  introducing  any  remain¬ 
ing  imperfection  of  the  Ballance  Spring  or  pallets ; 
(for  it  prolongs  one  half  as  much  as  it  contracts 
the  other)  (238,  129).  Hence , 

569.  If  the  Ballance  Spring  have  the  natural 
tendency  to  perform  all  its  V  ibrations  in  equal 
times,  and  the  pallets  have  the  properties  de- 
fcribed  (553,  564)  ;  no  alteration  of  denfety  in 
the  air ,  can  any  how  alter  the  times  of  V xbration . 
But, 

570.  Admitting  the  natural  properties  of  the 
Ballance  Spring  (408),  if  the  maintaining  power 

1  has 
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has  any  tendency  to  render  the  times  of  the  longer  Of  pallets,  &c. 
Vibrations,  either  quicker  or  flower  than  the  ~~~'v 
times  of  the  fhorter  (551,  552),  and  if  this  effedt 
be  corrected,  by  an  unlimited  recoil,  (or  inverted 
recoil),  as  reprefented  by  the  dotted  fpiral  line  in 
Fig.  7.  Plate  16.  and  defcribed  (565);  I  fay  fuch 
being  the  cafe,  that  any  change  of  denflty  of  the 
air  will  alter  the  times ,  as  well  as  lengths  of  the 
Vibrations  ;  and  for  this  reafon,  no  curve  of 
whatever  kind  fubtending  the  angle  of  fluc¬ 
tuations,  and  having  a  tendency  either  to  contract 
or  prolong  the  time,  can  ever  preferve,  or  recover 
the  natural  ifochronifm  of  the  Vibrations  of  a 
Ballance  (565). 

571.  It  alfo  follows ,  that  where  the  natural  Dead-beat  ne- 
tendency  of  the  Vibration  is  ifochronal,  its  ccfrai> 
properties  can  never  be  preferved  without  the 
dead-beat  (565).  But , 

572.  If  the  maintaining  power  and  angle  of  a  good  perform- 
Vibration,  be  fufficiently  increafed  (487,  488,  faTpaiJets.  "nper" 
489),  and  the  time  of  action  of  the  wheels  on  the 

pallets  diminifhed  (546),  and  fome  regard  paid 
to  what  is  faid  (540,  541),  a  good  perform¬ 
ance  may  be  procured,  even  with  pallets  of  lefs 
perfeEl  conftruSHon. 

573.  But  in  all  cafes,  where  doubt  or  uncer¬ 
tainty  take  place,  it  is  fafeft  leaning  to  the 
Dead-beat  ;  for  it,  in  conjunElion  with  long 
Vibrations ,  will  always  diminifh  an  error  of  the 
maintaining  power  (263)  ;  whereas  a  recoil,  of 

.  z  any 
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any  kind,  may  have  a  direct  contrary  effedt; 
and  therefore,  like  dangerous  medicines,  are  never 
to  be  adminiftered,  unlefs  where  it  can  be  done 
by  weight  or  meafure. 

Conclufion,  Having  thus  endeavoured  to  fettle  practical 

Theory  of  Clock- wTork,  and  to  point  out  the 
means  of  acquiring  fuch  advantages  in  porta¬ 
ble  machines,  as  may  render  their  performance 
nearly  equal  to  that  of  Clocks,  even  in  their 
improved  ftate  ;  if  I  have  any  where  mifrepre- 
fented  or  omitted  any  thing  material,  it  was  not 
intentionally  :  but  granting  the  truth  of  all  that 
I  have  advanced,  many  are  the  experiments  and 
practical  improvements  that  may  yet  be  made, 
towards  confirming  this  Theory,  and  rendering 
it  of  general  utility.  And  fhould  this  be  thought 
an  objedt  worthy  of  public  attention,  I  Ihall 
chearfully  contribute  my  utmoft  endeavours. 


THE  END. 


t 
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A. 


N° 


yjCcderating  effeSt,  of  a  recoil,  increafes,  as  twice  the 

retrograde  motion  of  the  fwing -wheel  238,  239 

_  is  diminilhed  by  any  incteafe  of  the  denfity  of  the 

and  the  contrary  226.  300  and  Notes 


an 

A£lion>  of  the  wheels  on  the  pallets,  — -  in  what  cafes  it 
fhould  be  applied,  regularly  and  fucceffively 
*— —  when  it  fhould  be  applied  all  at  once 

- - in  either  way  —  - — — 

its  effedt,  on  the  meafure  of  time,  c.  p.  as  the  whole 
time  of  action  •— 

in  what  cafes  its  time  of  adtion  fhould  be  rendered 
long  or  Ihort  in  Watches 


it  may  be  applied  fo  as  to  render  the  times  of  vibra¬ 
tion  either  longer  or  flhorter  at  pleafure  238,  540, 
it  fhould  be  applied  in  time  of  afcent  rather  than  de- 

fcent  of  the  Pendulum  — -  Note 

may  have  the  fame  effedt  on  the  times  of  vibration, 
as  if  the  longer  ones  were  naturally  quicker  than 
the  fhorter  :  or  the  contrary  —  551, 

the  influence  of  heat  and  cold  on  the  main  fpring 
and  chain,  render  it  more  perfedt  — 


265 

266 

267 

546 

558 
54 1 

545 

552 

404 

Adlion* 


INDEX. 

N° 

A5lion>  the  effedt  that  any  irregularity  in  it  would  have  on 
the  times  of  vibration  :  how  corrected  in  the  con- 
-  ftrudion  of  the  pallets  542,  547,  553,  560  to  564 

-  -  of  a  fpring  on  the  ballance,  preferable  to  that  of 

gravity  -  - -  410 

—  -  of  the  ballance  fpring  :  —  how  it  may  be  preferved 

proportional  to  the  diameter  of  the  ballance.  See 
1 thermometer . 

Air,  its  refiftance,  c.  /.  as  the  verfed  fines  of  the  angle  of 

vibration  ~ — ■  —  117 

— *  its  refiftance  contradts  the  times  of  afcent  of  the  pen¬ 
dulum  as  much  as  it  prolongs  the  times  of  its  de- 

fcent  -  129,  238  and  Note 

>  '  ■  — ■  its  conftant  uniform  refiftance  does  not  affedt  the  times 

of  vibration  ——  27,  28,  115 

- - -  but  its  accidental  changes  of  denjity  may  introduce 

other  errors  —  1 1 5, 568 

» - its  uniform  refiftance  renders  long  vibrations  preferable 

to  ihort  ones  - -  116  to  120 

• - *  its  total  refiftance,  how  rendered  conftantly  uniform 

Note  30© 

<—  any  alteration  in  its  denfity  has  a  two-fold  effedf  on 
the  time  of  pendulous  vibrations,  performed  in  the 
arch  of  a  circle ;  and  thefe  two  effedts  do  exadtly 
ballance  each  other  —  382 

— —  any  alteration  in  its  denfity  cannot,  of  itfelf,  alter 

the  times  of  vibrations  of  a  Watch  ballance  567  to  569 
■ — -  but  it  may  introduce  errors,  that  are  miftaken  for 

its  own  natural  effedt  — — --  568 

Angle  of  fcapement ,  in  what  cafes  it  fhould  be  enlarged  :  and 

the  contrary  —  -  558. 


B. 


Ballance ,  its  properties  compared  with  thofe  of  the  pendu¬ 
lum-  — —  —  -  405  to  4 12 

- »  all  its  vibrations  ifochronal  in  theory  408 

4  Ballance \ 


N 


E  X. 


Ballance ,  reafons  why  it  will  meafure  time  better  than  any 

pendulum  that  defcribes  entire  revolutions  411 

. . .  its  natural  properties  fuperior  to  thofe  of  the  pendulum  108, 

410 

_ _  the  effedl,  in  it,  changed  into  the  caufe 

vibration  - —  - — — 


the  advantages  of  increafing  its  momentum 
by  lengthening  the  vibration 

by  increafing  the  train  — - - 

by  enlarging  its  diameter  - 

by  augmenting  its  weight 


in  each 

41 x 

485  to  495 

490 


w  49- 

all  that  has  been  faid  relative  to  the  length  of  vibra¬ 
tion  of  pendulums,  &c.  equally  applicable  to  it  413 
any  change  of  latitude  does  not  alter  its  times  of  vi¬ 
bration  Note  410 

the  natural  tendency  of  its  longer  and  fhorter  vibra¬ 
tions  could  not  hitherto  be  experimentally  known 

549  to  553 

- -  how  dilcovered  experimentally  553 

-  -  and  preferved.  - - -  —  554 

Ballance-fpring, — -its  theory  —  415  to  427 

* - .  its  adtion  in  the  fhortefi:  poflible  vibration  of  Watches 

that  begin  their  own  motion,  only  equal  £0  that  of 
the  ballance  wheel  on  the  pallets 


*3 


- — —  increafing  its  ftrength,  always  advantageous  $  but  not 
equally  in  all  cafes.  See  Momentum. 

- — -  the  means  by  which  they  may  be  rendered  ftronger 

in  Pocket-watches  - - -  469,  477  Note 

— —  their  defeSs,  how  difcovered  and  remedied  554 

- -  its  exertion  may  be  conftantly  preferved,  proportional 

to  the  vis  injita  of  the  ballance.  See  Inf.  of  heat . 
Bankings  what,  and  how  its  effedts  remedied 
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Circular 


1 
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C. 


N 


$ 


41  I 


Circular  pendulum  of  Dr.  Hook  and  Mr.  Hugens,  can  never 
meafure  time  equal  to  the  vibrating  pendulum,  or 

the  ballance  and  fpring  —  - 

Circular  vibrations ,  (i.  e.  vibrations  performed  in  circular 
arcs)  correct  thofe  variations  which  any  alterations 
of  denfity  in  the  air  would  occafion  in  the  cycloidal 
curve  —  — 

Clocks ,  compared  to  W atches  — ■  — 

Conclujion—  relative  to  the  length  of  vibration  in  Clock- pen¬ 
dulums  — •  *— 

— — -  relative  to  the  method  of  winding  every  half  minute  in 
fixed  fpring  Clocks  ~  * — - 

- in  portable  machines  — »  — 

- relative  to  the  irregularities  of  the  maintaining  power  30a 

relative  to  every  imperfection  of  Clock  movements  306 
relative  to  the  influences  of  the  air,  oh  the  times  of 
vibration  of  Clock-pendulums,  defcribing  circular 
arcs  — — —  ■ — 


382. 

388 

152 

221 

402 


relative  to  the  application  of  cycloidal  cheeks 
relative  to  the  comparative  properties  of  the  pendulum 

and  ballance  * - -  - - 

relative  to  Watches  beginning  their  own  vibrations 

*  relative  to  the  fize  of  Watches  — — 

-  relative  to  the  length  of  vibration  in  Watches  490, 

*  relative  to  the  influence  of  external  motion 

■  relative  to  increafing  the  momentum  of  the  ballance 

-  relative  to  the  influences  of  heat  and  cold  on  Watches 

-  relative  to  the  number  of  teeth  in  horizontal  wheels 

-  relative  to  the  horizontal  principle  - — — 

-  relative  to  the  conftrudtion  of  Watch  pallets 

-  relative  to  the  adion  of  the  wheels  on  the  pallets 

-  relative  to  the  influences  of  the  air  on  the  times  of  vi¬ 

bration  of  Watch  ballances  - - 

-  relative  to  the  ufe  of  fpringsin  pallets  - -  252. 


382 

383 

429 

432 

441 

413 

483 

495 

51 1 

533 

539 

574 

564 

569 

2  53 


Cycloidal 


index 


NQ 

Cycloidal  vibrations  in  Clock-pendulums,  are  hurtful  even  in 

theory  — —  —  383 

D* 


Dead-beat,  its  natural  effects  - -  255  to  273 

- — —  diminifhes  the  natural  error  of  circular  vibrations  263 

-  errors  arifing  from  other  caufes  imputed  to  it 

269,  270,  271 

— —  hitherto  loaded  with  difadvantages  269  to  273,  524 

. — —  no  fair  comparative  tryal  yet  made  of  the  effedts  of  it 

and  the  recoil  — —  -  268  to  273 

■  ■  . .  abfolutely  neceffary  for  preferving  the  natural  pro¬ 
perties  of  the  vibrations  of  the  ballance  571 

Denfity  of  the  air — the  alterations  that  happen  in  it,  do  in  the 
circular  vibrations  of  Clock-pendulums  corredt 
themfelves  —  — -  38°  to  383 

—  cannot  alter  the  times  of  fuch  vibration  of  a  ballance, 
as  are  naturally  ifochronal,  with  pallets  of  a  proper 
conftrudtion  —  * — — •  567  to  572 

Difengaging  all  the  wheels  but  one  216  to  223,  394  to  402 
— — -  not  advantageous  in  portable  machines  * —  401 

£a 


External  motion,  its  theory  - - -  * — —  442  to  484 

« — experiments,  relative  to  its  effect  on  Watches,  &c.  445 

to  457 

— »  curvilmeal — only  affedts  — —  ~ ■  449 

— —  in  what  cafes  and  proportion  it  affedts  451,  453,  454 
<- — —  much  greater  in  Pocket-watches,  than  in  thofe  that 

are  carried  on  fhip-board  — —  453 

- itseffedts,  how  diminifhed  >— — -  455,  to  458 

- — —  equal  in  all  Watches  having  equal  trains  458 

Dir,  Hook’s  method  of  diminifhing  its  influence  474  to  478 

External 


,  ■  .. 


•I  N  D  E  X. 


JO 


- .  N 

External' motion,  Mr,  Hugens’s  method  of  dlminifhing  its  in- 

All  the  methods  compared  -  48 i  to  484 


FriStion  on  the  pallets,  how  diminiftied  174,  184,  189^  190 
— —  can  never  ballance  the  influences  of  the  oil  thereon  194 
*—  on  the  horizontal  wheel  and  cylinder  527  to  540 

G. 

Gravity ,  its  adtion  on  the  pendulum,  only  altered  by  a 

change  of  latitude  — —  ~ — >■-  372 

Gridiron  pendulum ,  defcribed  — — 332  to  346 

— -  how  adj lifted  -= — »-*  - - -  343 

— — -  compared  with  Mr.  Ellicott’s  (improved)  363  to  369 


H, 


Half-  timing wh  at 


47° 


Harrifony  Mr.  John,  ingenious  pallets  invented  by  him  225  to 

232,  and  from  245  to  253 

Heat  and  cold — the  effedt  of  their  influence  on  Watch  main 
fprings,  chains,  fufees,  and  the  oil  applied  to  the 
main  fpring,  and  all  the  pivots  of  the  wheels,  is 
corredted  by  a  proper  conftrudtion  of  pallets  564 

— —  their  influence  on  the  pendulum  316  to  372 

- -  on  the  ballance  and  its  fpring  — —  500 

— -  on  the  main  fpring  - - -  — — »  Note  404 

- -  on  the  fufee,  &c.  — —  Note  404 

-  on  the  oil  —  — -  —  498 

> - -  on  the  air  -  — —  — —  510 

Hindley,  Mr.  of  York,  ditto  by  him  225  to  232,  and  from  245 

t0  253 

Horizontal  wheel— its  nature  explained,  &c.  525  to  548 

Hugensy  Mr.  his  method  of  winding  up  every  half  minute  216  to 

223,39410403 

Influence 


I  N 


t>  E  X. 


Na 

I. 


Influence — of  heat  and  cold.  See  Heat. 

- -  of  the  oil.  See  Oil. 

—  of  the  maintaining  power.  See  Maintaining  power. 

- - ,  0f  external  motion.  See  External  motion. 

L. 

Long  vibrations  have  a  duplicate  advantage  in  correcting  the 

irregularities  of  the  maintaining  power  41,  47 

Long  pallets —  hurtful  where  friction  takes  place  and  oil  is 

applied  - -  189,190,206,20  7 

— — .  but  are  advantageous  where  no  fri&ion  takes  place 

Note  265,  266,  546 


M, 


Magnetic  attraction,  its  effeCt  hurtful  in  pallets 
Maintaining  power,  —  what  — 

■  conliderations  relative  to  it  in  Clocks 


285. 
27 


I  63  to  166 

■  in  what  cafe  it  fhould  be  applied  gradually  in  Clocks  26^ 

*  in  Watches  * -  *—  559 

.  in  what  cafes  it  fhould  be  applied  all  at  once  in  Clocks  266 

■  in  Watches  — — >  - - -  558 

*  in  what  cafe  it  may  applied  in  Clocks  in  either  way*  267 

-  its  effects  on  the  times  of  vibration  of  a  ballance,  mis¬ 

taken  for  the  natural  tendency  of  fuch  vibrations 

550  to  552 

-  its  effeft  on  the  time,  c.  p.  as  the  diftance  at  which  it 

is  applied  from  the  lowed  point  of  vibration  Note  546 

*  why  it  fhould  be  applied  in  time  of  afeent  of  the  pen¬ 

dulum  —  — — —  Note  546 

-  on  the  length  of  vibration  :  as  its  quantity,  independent 

of  its  time  or  place  of  ad  ion  —  54;; 

-  how  rendered  perfedly  uniform  in  Clocks  300 

-  how  it  affedts  the  natural  times  of  vibration  540  to  545 

Maintaining 


INDEX. 


Maintaining  power ,  its  effect  on  the  times  of  vibration  c.  p.  as 
its  time  of  adtion  -  ■ 


N° 
546 

— —  how  it  may  be  applied  in  Watches,  or  other  portable 
machines,  fo  as  not  to  alter  the  natural  times  of  vi¬ 
bration  — «  —  543  to  56 5 

-  increafing  it  very  advantageous  in  Clocks  158  to  164 

— —  in  Watches  —  — —  413,464,  490 

—  the  mo  ft  perfect  rendered  irregular  by  ufing  fprings  in 

the  pallets  — — —  - - *  246,  247 

- — -  rendered  more  uniform  in  Watches,  by  the  influence 

of  heat  and  cold  on  the  main  fpring  Note  404 

- -  increafing  its  adion  towards  the  extremity  of  the 

vibration  hurtful  —  Note  545 

Main fprings  conclufion  relative  to  the  effeds  of  its  imperfec¬ 
tions  in  Watches,  &c.  —  —  404 

Mercurial  pendulum,  its  difad  vantages  * -  326 

Momentum  of  Clock-pendulums  how  increafed  84  to  89 

- -  table  of  it  — •  * - —  87 

Momentum  of  the  ballance  See  Ballance . 

Motion ,  external,  its  influences  on  the  times  of  vibration  See 
External  motion . 


O. 


0/4  —  its  influences— of  a  very  hurtful  nature 
the  foundation  of  its  theory 


158, 

inverfe 


its  effeds  on  the  meafure  of  time,  nearly  in  the 
duplicate  ratio  of  the  maintaining  power  — • 

on  the  pallets,  c.  p*  as  their  length  - - - 

how  rendered  unneceffary  on  main  fprings 
its  influence,  how  eftimated  —  167  to 

table  of  it,  on  each  pivot  in  a  Clock  — 

its  influence  on  the  pallets,  eftimated  172  to 

comparative  with  the  dead-beat  and  recoil  176  to 
its  influence,  —  how  diminifhed  in  common  pallets 

172,  182  to 


*55 

J59 

162 

189 

392 

182 

171 

176 

182 

*93 

0/7, 


I  N  D  E  X. 


N° 

Oily  why  its  effeCt  is  not  more  fen  Able  193  to  197 

_ _  a  recapitulation  of  what  has  been  faid  relative  to  it 

197  to  210 

—  of  the  methods  that  have  been  hitherto  ufed  for  the 

diminifhing  it  212  to  232,  and  from  245  to  254 

394  t0  4°3 

- -  diminifhed  on  Watches  513  to  540 

- table  of  its  influence  on  all  the  pivots  of  the  wheels  515 

!■■■■-  r  increafed  by  a  recoil  —  —  520 

—  its  comparative  influence  on  the  ballance  pivots  5 1 9 

— — -  total  influence  on  horizontal  and  contrate  wheel 

Watches  compared  - -  524 

- - how  diminifhed  on  the  former  525  to  540 


Pallets y  - —  long  ones,  no  advantage  in  maintaining  the  vi¬ 
bration  - - -  - -  19 1,  192 

- -  in  what  cafes  they  are  hurtful  • — — •  1 89 

- and  in  which  advantageous  265,  266 

1—  ail  reducible  to  two  clafles  —  234 

• — —  that  have  no  friction  during  the  time  of  reft  275  to  288 
—  that  in  Clocks  remove  every  imperfection  in  the 

movement,  of  whatever  kind  288  to  306 

. — —  further  confiderations  relative  to  them  534  to  568 

* — —  that  corredt  the  effeCt  of  any  irregularities  of  the 

maintaining  power  in  Watches  553,  564 

— —  tumbling,  fome  remarks  on  them  —  566 

— —  ingenious  ones  feen  with  MelTrs.  Harrifon  and 

Hindley  225  to  232,  and  from  245  to  253 

* - -  no  fprings  to  be  admitted  in  them  246,  247 

Pendulum,  — its  properties  in  a  detached  ftate  12  to  20 

its  motion  and  ifochronifm  deftroyed  by  the  refiftance 
qf  the  air,  &c.  ~  —  2 1 

D  d  Pendulum 9 


/ 


INDEX. 

N° 

Pendulum ,  detached  gravity,  its  foie  motive  force  68 

- -  in  thofe  applied  to  Clocks,  the  maintaining  power 

muft  be  added  thereto  - — —  70 

- -  in  what  proportion  it  alters  the  natural  times  of 

vibration  - - -  * — — 1  72 

>■  its  total  motive  force,  of  what  compounded  in  Clocks  135 
* — —  its  vibration  moft  ifochronal,  when  their  length  in- 

creafes  as  the  motive  force  - — —  24X 

— —  reafon  why  thofe  that  defer ibe  entire  revolutions  can 

never  meafure  time  equal  to  thofe  that  vibrate  41 1 

- - -  its  long  and  fhort  vibrations  (when  applied  to  a  Clock) 

compared  -  • — — •  24  to  48 

- -  its  weight  confidered  —  66  to  84 

. - -  table  of  its  momentum  (by  weight,  and  length  of 

vibration)  —  - - —  87 

*—  the  influence  of  heat  and  cold  on  it.  See  Heat . 

- -  gridiron,  its  nature  and  defeription  332  to  346 

-  mercurial  - - -  *■— —  326 

„ — —  Mr.  Ellicott’s,  his  own  defeription  of  it  346 

» — —  improved  * —  —  347  to  364 

— —  rods  of  wood,  in  what  cafes  they  may  be  ufed  318 

all  that  has  been  faid  of  it  equally  applicable  to  the 

" *  4 1 3 

1  to  12,  and  384  to  388 


ballance  and  fpring 
Plan  of  the  effays 
Plates ,  where  deferibed. 


Plate 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Numb. 


I76. 

19  I. 
276. 
289. 
290. 
293, 

3n- 

334* 

346‘ 


N 


D 


E 


X. 


Plate  11. 

Numb.  361, 

- -  12. 

'  443  • 

- -  13* 

-  475- 

—  14. 

~ — ■  5°3‘ 

543- 

— -  j6. 

- -  549- 

N° 


Pochvwatches ,  in  their  prefent  ftate,  are  only  on  a  par 
with  Clocks  that  are  capable  of  beginning  their 
own  vibrations  —  — 

— -  tfe  influence  of  external  motion  on  them  much 
greater  than  on  fuch  as  are  carried  on  fhip-board 


431 

453 


Power ,  mint aining.  See  Maintaming  power . 

Properties  naturaly  of  the  ballance  and  fpring,  can  not  be 

peferved,  without  the  dead-beat  - — *  571 

R. 

Recapitulation — relative  to  the  length  of  vibration  in  Clock 

peniulums  — —  —  - —  142  to  152 

— — -  relative  to  the  influence  of  the  oil  — -  197  to  212 

«  relative  to  the  method  of  frequent  winding  up  401 

-  relative  to  pallets  — - -  - - -  274 

- - relative  to  the  influence  of  heat  and  cold  on  the  pen¬ 
dulum  -  - -  - -  369 

- — —  relative  to  the  influence  of  external  motion  483 

Recoil,  in  general  — — «  — — -  233  to  245 

—  - -  increafes,  the  f/iftion  - — —  - .  178 

— —  the  influences  of  the  oil  — 

—  accelerating  efedts  of  it,  twofold 

- - •  none  to  be  admitted  with  an  uniform  maintaining 

power  -  - -  Note  383 

*— —  advantages — erroneoufly  attributed  to  it  269  to  272 

Refinance  of  the  air.  See  Air . 


238, 239 
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Scapementi 
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Scapement ,  is  the  means  by  which  the  adtion  of  the  wheels 
is  applied  to  maintain  the  vibration,  and  generally 
confifts  only  of  a  wheel  and  pallets.  See  Pallets . 

*— —  wherewith  the  theory  and  practice  of  the  dead-beat 

agree  - — -  275  to  288 

Beale  for  finding  the  length  of  pallets,  &c.  for  any  number  of 

teeth  of  the  wheel,  from  2  to  12  Note  2,  176 

Springs, — never  to  be  ufed  in  pallets  -  246,  247 

Sufpenjion , — remarks,  &c.  relative  to  it  - —  309  to  316 

Swing-wheel , — the  influences  of  the  oil  on  the  pallets  increafe 

as  its  diameter  -  - - -  172 

T. 


Tables, — of  the  influences  of  the  oil  -  171,  515 

»  —  of  the  momentum  of  pendulums  -  87 

Thermometers,*—  all  reduceable  to  two  clafies  349,  3  20 

-  immoveable  ones — can  never  have  a  perfedt  effedt  in 

Clocks  — —  -  321  to  326 

► -  remarks  relative  to  their  conftrudfion  329,  330 

- -  one  for  a  Watch  deferibed  -  496  to  3:12 

v. 

Vibrations , — long  and  fhort  compared  -  41,  47 


fhort  ones— arguments  commonly  ufed  in  their  favour 

93  t0  96 

nowhere  recommended  by  Sir  IfaacNewton  for  Clocks 

121  to  133 

arguments  in  their  favour  examined  — —  96  to  1 14 

cycloidal  — —  - -  96  to  1 13  and  383 

conclufions  relative  to  them  • — —  1 1 1  to  1 14—132 

recapitulation  relative  to  them  in  Clock-pendulums 

142  to  152 
Vibrations 


INDEX. 


Vibrations 9  all  that  has  been  faid  in  favour  of  long  pendu¬ 
lous  ones,  is  equally  true  of  thofe  of  the  ballance 
- - —  the  longer  ones  of  the  ballance  do  beft  corredt  the  in¬ 
fluence  of  the  oil,  or  any  other  irregularities  of  the 

maintaining  power  - -  — 

- -  do  moft  correct  the  influences  of  external  motion 

- -  how  the  longer  ones  of  the  ballance  may  be  rendered 

quicker  than  the  fhorter 


N 


o 


413 

487 

489 

55 1 


how  the  fhorter  ones  may  be  rendered  quicker  than 
the  longer  —  —  —  ,  552 

how  their  natural  properties  may  be  preferved  553,  564 
could  not  heretofore  be  known  experimentally  550,  552 
have  not  their  times  altered  by  a  change  of  latitude  410 

nor  by  any  change  of  denfity  in  the  air  (confidered  as  a 
n on -refi fling  medium) 


are  all  naturally  ifochronous  in  theory 


568 

408 


the  effedt  of  the  maintaining  power  on  their  times 

(c.  p.)  as  its  times  of  adtion  * -  - - .  34.6 

as  twice  the  recoil  — — - 238,  239 

may  vary  their  length,  without  altering  their  times  554,564 
thofe  of  the  pendulum  rendered  more  ifochronal  by 
having  their  length  increafed  as  their  motive  force 


Vibrating-pendulum , —  reafon  why  it  will  always  meafure 
time  better  than  any  that  perform  entire  revolu¬ 
tions  - - * - -  — — 


W. 


241 


411 


•  f 

Watches ,  the  larger  ones  do  moft  approximate  the  nature 

and  perfection  of  Clocks  — —  436  to  442 

Wheels ,  the  periodical  fluctuations  in  their  adtion,,  not  fo 
hurtful  to  the  performance  of  Clocks  and  Watches 
as  generally  imagined  — —  - — —  — — .  ^ 

► -  the  difadvantages  of  heavy  ones  •— -  - - —  440 

Winding-up ,  every  half  minute-^its  effedts  2 16  to  223,  394  to  403 
Wooden  pendulum  rods ,  in  what  cafes  to  be  ufed  318 
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